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ORBITAL RECONNAISSANCE PROGRAM
FOR VIKING CLASS MISSIONS

By Richard N. Green and Sue W. Souders
Langley Research Center

SUMMARY

A computer program has been developed to meet the needs of Project Viking in the
area of orbital reconnaissance. This program is presented as an analytical tool for pre-
liminary mission design and analysis.

The program has the capability of investigating the time history of both the space-
craft groundtrack and the camera footprint on the rotating surface of Mars, Various
options are available to control where and how the photographs are taken. A sequence of
photographs can be taken over a desirable lighting band, between two orbital true anoma-
lies, or between latitudes of interest. Within the interval of desirable photography the
photographs can be taken on either a time increment or a true anomaly increment. Also
included is the option to take photographs on an overlap area consideration., Both vertical
and nonvertical photography are available as program options. A description of the pro-
gram input and output, a FORTRAN listing of the program, and samples of the input and
output are included.

INTRODUCTION

A computer program, PANDG (Photography and Groundtrack), has been developed to
meet the needs of Project Viking in the area of orbital reconnaissance. Specifically,
PANDG was developed in support of the Langley Viking Project Office for use in prelimi-
nary mission design and analysis.

The program has the capability of investigating the time history of both the space-
craft groundtrack and the camera footprint on the rotating surface of Mars, Various
options are available to control where and how the photographs are taken. A seg:-re of
photographs can be taken over a desirable lighting band, between two orbital true -
lies, or between latitudes of interest. Within the interval of desirable photography the
photographs can be taken on either a time increment or a true anomaly increment. Also
included is the option to take photographs on an overlap area consideration. Both vertical
and nonvertical photography are available as program options.



The program has been designed to output either photographic data or groundtrack
data or the two in combination., The groundtrack output consists of the Julian date, the
" calendar date, and the time elapsed from the initial true anomaly. Also included are the
latitude and longitude of the subsatellite point, the altitude, inertial velocity, true anomaly,
and flight-path angle of the spacecraft, Additional parameters include the lighting angle
at the subsatellite point, the hour angle of the Martian vernal equinox measured from the
zero meridian, the argument of periapsis, and the longitude of the ascending node of the
spacecraft orbit. Equations for most of these parameters are developed herein. The
photographic output consists of parameters of interest at the four corners of the camera
footprint, at the midpoint of each of the four sides, and at the center point of the photo-
graph. At each of these nine points the following parameters are output: latitude, longi-
tude, lighting angle, slant range distance, and static resolution. One of the most important
photo output parameters is the ratio of the overlap area between the present camera foot-
print and the previous footprint. The development of these parameters is also presented.

One advantage of PANDG is the capability to control the overlap area. Previously,
some investigators have used forward overlap and side overlap as a measure of the over-
lap area; this definition was commonly used for Lunar Orbiter photography. However,
for Mars photography, a more complete definition is needed because of the geometry
created by a rapidly spinning planet. Therefore, overlap was defined as the ratio of the
overlap area to the area of the previous photograph. For simplicity, the sides of the foot-
print were considered great circles instead of minor circles. An option is available to
control the overlap between consecutive photographs.

The information necessary for the implementation of the program is contained in
the appendixes of this paper. The function of the main program is outlined with a f16w
diagram; the purpose of each subroutine is set forth in appendix A. A FORTRAN listing
is included in appendix B, in addition to sample input and output in appendix C.

SYMBOLS
A vector from center of planet to corners of previous photographic footprint
on surface, kilometers
a semimajor axis, kilometers
B vector from center of planet to corners of present photographic footprint
on surface, kilometers
C component of unit C




Q

camera vector directed from spacecraft along one corner of photograph to
surface, kilometers

¢ unit vector from spacecraft along one corner of photograph

D component of ]_5, kilometers

D arbitrary vector within overlap area, kilometers

d magnitude of 6, kilometers

E spherical excess, degrees

Ep spherical excess of footprint formed by Kl,Kz ,K3,K4 vectors, degrees
Eco spherical excess of overlap area, degrees

e eccentricity

F vector from center of planet to one corner of overlap area, kilometers
f true anomaly, degrees

H altitude, kilometers

Hy altitude of apoapsis, kilometers

Hp altitude of periapsis, kilometers

hy,hyhy;  components of h

h unit vector in azimuth direction (heading)
T footprint intersection vector, kilometers
i inclination, degrees

Jb Julian date, days

Jdag second zonal harmonic of planet

Ny Mgl components of n



=

T PQ,W

Ts

rx,ry,rz

)

=y

wy

Voo

V/H

My

unit vector normal to orbital plane

P points toward periapsis, Q is in orbital plane advancedto P by a
right angle in direction of increasing true anomaly, and W completes
right-handed system

magnitude of T, kilometers

radius of surface, kilometers

components of T

unit vector in radial direction

radius vector, kilometers

component of unit vector directed from planet toward Sun

unit vector from center of planet parallel to arrival asymptote of
incoming hyperbola

time, days
velocity, kilometers/second

hyperbolic excess velocity in areocentric coordinate system,
kilometers/second

horizontal velocity relative to surface divided by altitude, second~1
Cartesian coordinate axis system

primed Cartesian coordinate axis system

rectangular Cartesian coordinates, kilometers

rectangular Cartesian coordinates in the primed system, kilometers
(see sketch (h))

spacecraft position vector, kilometers




longitude, degrees

angle between spacecraft position vector and camera vector, degrees
(see sketch (e))

critical camera angle, degrees (see sketch (e))
flight-path angle, degrees

magnitude of AF

latitude, degrees

angle between sides of overlap area, degrees (see sketch (i))
hour angle, degrees

longitude of 5, degrees

angle between radius and camera center line, degrees (see sketch (b))
gravitational constant, kilometers3/second2

angle between sides of camera footprint, degrees (see sketch (f))
azimuth, degrees

latitude of D, degrees

angle between radius vector and Sun vector, degrees

longitude of ascending node, degrees

argument of periapsis, degrees

camera forward half-angle, degrees (see sketch (b))



) Vg camera side half-angle, degrees (see sketch (b))

" Subscripts:
o initial conditions
R measured in rotating coordinate system
r,h,n rectangular Cartesian components in r,h,n coordinate system
X,y,Z rectangular Cartesian components in X,Y,Z coordinate system
x'y',z' rectangular Cartesian components in primed system of coordinates

(see sketch (h))

Caret (*) over a symbol denotes unit vector.
Dot over a symbol denotes derivative with respect to time.

Numerical subscripts are used to distinguish similar quantities. (For example,
Kl,Kz ,K3,X4 are the four vectors defined as K.)

METHOD OF CALCULATION

The PANDG computer program has been designed to compute areographic photo-
graphic and groundtrack data rapidly. The motion of the spacecraft about Mars has been
considered Keplerian motion with the inclusion of the second zonal harmonic Jg(, which
perturbs only the longitude of the ascending node and the argument of periapsis. The
program is complicated only by the variety of options which are available to the user.
These options, however, are necessary to provide the flexibility needed for mission anal-
ysis. The program operates in three modes. The first mode produces only groundtrack
data, the second produces only photographic data, and the third mode combines the two
types of data. With the third option the groundtrack of a number of revolutions will be
output with photographic output during regions of interest.

The initial state of the spacecraft can be input in one of three ways. The most
obvious definition of the initial state consists of the six Keplerian orbital elements a, e,
i, w, Q,and f. Often, however, the altitudes of periapsis and apoapsis are more conve-
nient to input. Therefore, the option to replace a and e with Hz and Hp has been
included. The third option derives the initial state from a knowledge of the incoming
approach hyperbola. (See ref. 1.) To exercise this option, the right ascension and




declination of the approach asymptote S must be input along with the hyperbolic excess
velocity V. and the desired inclination of the spacecraft orbit. In addition, the shape
of the orbit must be defined by H; and Hp. This option assumes a deboost from a

hyperbolic periapsis to an elliptical periapsis and defines the initial true anomaly of the
spacecraft as zero. Since PANDG calculates data relative to the rotating surface, the
initial time is important. Allowance has been made to input either an initial Julian date
or an initial calendar date.

From the initial state, the spacecraft is stepped either to the point of the first
groundtrack output or to the point of the first photograph, depending on which occurs first.
Many times it is desirable to increment the spacecraft in time. Often, however, a true
anomaly increment seems more appropriate. Therefore, both types of increments have
been included as options.

If the program is exercised in one of the two photographic modes, the region over
which photographs are to be taken must be specified. This region can be a Sun angle
band, the section along the trajectory defined by two true anomalies, or a latitude band.
Also included is the option to take a single photograph at a given latitude. Within the
photographic region of interest, multiple photographs are taken, The spacing of these
photographs can be specified in one of two ways, that is, either on the groundtrack step
(true anomaly or time) or on an overlap area consideration. In addition to the above
specifications, the photography must be defined as either vertical or nonvertical. If the
nonvertical option is employed, the camera axis is rotated about the heading direction
from a vertical direction through an angle A. Inother words, the camera axis is rotated
out of the orbital plane by an amount of A.

Termination of a specific case can be defined by three stop options — time, orbit
number, or the central angle traversed by the spacecraft, There is no limit to the period
of time which can be investigated. As the spacecraft position is incremented in time, the
position of Mars is also updated with the mean orbital elements of the planet about the Sun.
The location of the Martian prime meridian is also updated so that areographic param-
eters, expressed in the Mars centered rotating coordinate system, can be examined.
Therefore, the number of days that are investigated is at the discretion of the user.

Initial State of the Spacecraft

Dependent on which input option is exercised, the six Keplerian orbital elements of
the spacecraft are calculated. The first option calls for all six elements. The second
option expresses the shape of the orbit in terms of Hy and Hp, the altitudes of apo-
apsis and periapsis, respectively. For the second option, the semimajor axis a and
the eccentricity e are given by



_Hy + Hp + 215
B 2

a

rg +H
e=1- = B
a
where rg is the radius of Mars. The third option derives the orbital elements from
the arrival hyperbola. (See ref. 1.) The six orbital elements are then converted to
inertial Cartesian components,

Groundtrack Parameters

The groundtrack output consists of a number of parameters, some of which relate
to the Martian surface. To calculate these parameters, the state of the spacecraft must
be expressed in the rotating equatorial coordinate system. The relationship between the
two Mars centered coordinate systems, the inertial equatorial coordinate system (areo-
centric) and the rotating equatorial system (areographic), is through the hour angle of the
Martian vernal equinox as measured from the prime meridian. The hour angle 6 is
given by (ref. 2)

6 =9, + 6 At (1)
where
6o = 1499.475

6 = 350.891962 deg/day

At = JD - 2418322.0

The present time is expressed in terms of Julian date JD.

- Prime meridian

Spacecraft

Xp (Prime meridian)
X (Martian vernal
equinox)

Sketch (a)




It is now an easy task to express the spacecraft state in the areographic coordinate
system. From sketch (a) and reference 3,

N
XR = X €08 0 +ysind

yR=-xsin6+ycose

Zp =2
R
< . . } (2)
Xp = X COS 0+ysm0+yR0
Yy =-ksin 6 +¥ cos § -xRé
The longitude of the subsatellite point is given by
\
y
sin @ = R
R2 + sz >
(3
X
COS o = _—.B—_
‘f;{ 2 ,v.2
y
R R |
where 0° = o = 360°, and the latitude is given by
z
5= sin'l(TR) 4)

where -90° =6 =90° and

r= Vsz + yR2 + sz

The altitude is simply
H=r-rg
and the inertial velocity of the spacecraft is given by

.2 2

V= +§2

+Z

To find the inertial flight-path angle 7y, the vertical component of the inertial veloc-
ity vector, which is found by the dot product, is divided by the velocity, that is

o=l XX + YV + 22
y = sin (——-——rv )

where -90° =4y = 90°. The Sun angle at the subsatellite point is defined as the angle
between the spacecraft radius vector and the vector to the Sun. When the Sun is directly
overhead, the Sun angle is zero. To obtain the unit Sun vector, a series of subroutines



which utilize the mean orbital elements of Mars about the Sun is exercised. A discus-
sion of this procedure is given in reference 1. Once the Sun vector has been obtained,
"the vector dot product yields the Sun angle at the subsatellite point, that is

_1<xSx +ySy + zSZ>
r

(5)

¢ = cos

where 00= ¢ =180° and (Sx,Sy,SZ) is the unit vector directed toward the Sun. Also
included in the set of groundtrack parameters is V/H, or the horizontal velocity relative
to the surface divided by the altitude of the spacecraft. The horizontal velocity can be
found by considering the magnitude of the vector cross product of the relative velocity
vector and the radius vector, that is

I:‘c’ RXX RI
V(horizontal) = —= VR sin(90° - )
where (90° - 9) is the angle between the two vectors, or the complement of the relative
flight-path angle. Therefore, V/H is given by

.. . . . 1/2
[(yRZR y szR)2 + (XRZR } xRZR)2 + (XRYR - nyR)2:l

V/H =
/ rH

In addition to the above groundtrack parameters are the following: Julian date, calendar
date, orbit time, orbit number, and the true anomaly of the spacecraft.

Photographic Parameters

The main objects of interest at a photographic point are the camera footprint on the
surface (that area of the surface photographed by the onboard camera) and the set of
parameters which are evaluated at each of the four corners of the footprint and at the mid-
point of each side. The location of the footprint, however, depends on the camera system
and its characteristics. The camera system discussed herein is defined as being alined
with the inertial orbital plane and is described by a forward half-angle Y5 and a side
half-angle Yg. (See sketch (b).) In addition, the capability to rotate the camera center
line out of the plane of motion by an angular amount A has also been included. For verti-
cal photography, the camera center line is directed downward along the radius vector
(» = 0). To facilitate the calculation of the points where the four corner vectors pierce
the surface, consider the spacecraft-centered coordinate system r,h,n (sketch (c)). The
unit vector T is directed along the radius vector to the spacecraft, and the vector h
(heading) is in the azimuth direction. The unit vector n is normal to the plane of motion,
that is, f=7 XfA. The unit vector € directed from the spacecraft along one of the cor-
ners of the photograph, defined by a positive forward half-angle ¥f and a positive side
half-angle g, is illustrated in sketch (d). Also, a positive out-of-plane angle X has
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Spacecraft

Radius

Center line
of camera

Groundtrack

Surface

J

=A

Sketeh (b)
z
A
~
h
A A
n T
> Y
Spacecraft orbital
plane
X
Sketch (c)
A
n
A
Center—line
vector
A
T o~ — - — » T0 planet

Orbital plane

Sketch (4)
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’ been considered. The components of the corner vector in the i‘,ﬁ,ﬁ system are there-
fore given by

-

Cp = -cos (X + Yg) cos yYj
Cp =cos (A + Ws) sin Yj (6)
Cn = sin (A. + lps)

The corner vector in the X,Y,Z system remains to be expressed. The unit vec-
tor T expressed inthe X,Y,Z system is

and the unit vector n is given by

The unit vector ﬁ is
h=fx%= (hxshy,hz)

Therefore, the unit vector C in the X,Y,Z system is

Cx ry hy ny [|Cyp
Cyl = Ty hy Ny |(Ch

~

From sketch (e), the angle B between the radius vector X and the corner vector C
is given by
8= cos'l(-i . é)

where 0°=3=180° If B exceeds the value of B*, the corner vector does not pierce
the surface. From sketch (e),

-1/T
g* = sin 1(?-5-)
where 0° = g* = 1800, Hence, for the corner vector to pierce the surface, B < B*. The
slant range distance d 1is given by the law of cosines as
rS2 =r2 4 a2 - 2rd cos B

or

2r cos S e 4r2coszﬁ - 4(r2 - rsz)
d= 5

12




Surface

Sketch (e)

Since the extended corner vector pierces the surface at two points and since the smaller
of the two solutions for d is the desired solution, the radical is negative and

2 2

d=rcos f8 -~ r2coszﬁ-r +Tg

Therefore, the point at which the camera corner vector pierces the surface of the planet
is given by

F=%4+C
where

C=dC

The other three corners are found in a similar manner by considiring +Yg and Y
in equation (6), The latitude and longitude of the corner vector F are found with equa-
tions (1) to (4) and the Sun angle with equation (5).

Camera Footprint Overlap

Another photographic parameter of interest is the camera footprint overlap. The
camera overlap area, as defined in PANDG, is the surface area contained in both the pres-
ent camera footprint and the previous camera footprint, The ratio of this overlap area to
the area of the previous footprint is designated as the camera footprint overlap or simply
as the overlap. This parameter is important in designing a sequence of photographs so
that they can be overlaid to form a map of the area photographed. In addition, overlap is
necessary to obtain stereo effects from the photographs. Previously, some investigators
have used forward overlap and side overlap as a measure of the overlap area. This

13



definition was commonly used for Lunar Orbiter photography. However, for Mars photo-
graphy, a more complete definition is needed because of the geometry created by the
higher spin rate of the planet. In certain instances the surface with the camera footprint
rotates faster than the spacecraft revolves in its orbit. Therefore, the footprint is ahead
of the spacecraft, and forward overlap would not be adequate.

The camera footprint is that area of the surface photographed by the onboard cam-
era. As shown previously, the four corner points or vectors can be found. The sides of
the footprint are actually arcs of minor circles, which are difficult to analyze mathemat-
ically. To simplify computations, the sides have been considered as great circles. This
approximation is justifiable for photography taken at low altitudes (small footprint).
However, as the footprint becomes large, the error associated with this approximation
becomes more pronounced. Since most of the photography will be at low altitudes, this
simplification seems reasonable.

The overlap is defined by eight corner vectors. (See sketch (f).) The four vectors
Kl, Kz, K3, and K4 represent the four corners of the previous footprint. Similarly,
the present footprint is defined by the four B vectors. For the particular geometry
shown, the overlap area has four corners which are typed as either interior vectors or
intersection vectors. Corner vectors of the overlap area which are also corner vectors
of one of the footprints are classed as interior vectors. Examples of these are ﬁl and
K3. An intersection vector occurs at the corner formed by the intersection of one side
from each of the two footprints. Examples of these are Yl and fz.

The surface area of the previous footprint is found by considering the number of
spherical degrees in the footprint. Since the entire spherical surface of Mars contains
720 spherical degrees and since the surface area is easily obtainable, the area of the

- -

Ay Ay
e AN
d I ~n______1_591% fe 1‘31
-
A—)e \ : T, % XB
1
32 —3?5
Sketch (f)
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footprint follows from the number of spherical degrees it contains. However, to obtain
the overlap, which is a ratio of areas, only the computation of the spherical degrees con-
tained in the area is necessary and not the area itself. The number of spherical degrees
in an area is equal to its spherical excess. By definition, the spherical excess of a spher-
ical polygon is the difference between the sum of its angles and the sum of the angles of a
plane polygon having the same number of sides. (See ref. 4.) Therefore, the spherical
excess Ep of the footprint formed by the A vectors is given by

Ep = (51" Ey+ g+ 54)- 360°

The ¢ angles are the angles between the great circular arcs which connect the corner
points. These angles are most easily found by considering the vector normal to each
side and computing the angles between the normals. Therefore, £ is given by

. (Kl ><K4> . (Kl X Kz)
Kl XK4 Kl XKz

£q = cos”

where 0° = 51 < 180°. The other three £ angles are found in a similar manner.

Prior to the calculation of the spherical excess of the overlap area, the corner vec-
tors must be found. First,the B vectors are examined to determine if they are interior
vectors. If §1 is an interior vector, the sum
of the spherical excesses of the four triangles
BI'AI'A2’ Bl-Az-A3, Bl-A3-A4, Bl"'A4-A1 -

x, R R B,
will be equal to the spherical excess of the foot-
print formed by A vectors. However, if these B’
excesses are not equal, the vector considered is 7\’2 ‘ K’5 A5 'Xg
not an interior vector but lies outside of the foot- By
print area. (See sketch (g).) The spherical Sketch (g)
excess of the triangle Bj-Aj-Ag is given by
£ - cos-1 (Kl x Bl) . (Kl X Kz) . cos‘l(Kz X Kl) . (Az X Bl)—|+cos'1 (B1 X A2) . (Bl X A1) 1800
]KIXEIHKIXKZI IKZXKIHszﬁllJ By x &5|| By x &4

The spherical excesses of the other three spherical triangles are found in a similar man-
ner, and the sum indicates whether ﬁl is an interior point. This sequence is then
repeated for boththe A andthe B vectors until all interior vectors are found.
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Once the interior vectors are found, the geometry is examined to determine if any
intersection vectors exist. First, the side joining KI and Kg is examined to deter-
mine if any of the sides formed by B vectors intersect it. The intersection vector is
found by the vector cross product of the normals, that is

T = i(Xl X Kz) X (ﬁl X §4)

where T is the intersection vector and is multivalued since great circles intersect at
two points. For I to be a corner vector of the overlap area, it must lie between Kl
and Kz and also between §1 and 54. If the sum of the angles between Kl and 1
and between I and Kz equals the angle between Kl and Kz , then T is surely
between Kl and Xz. The same must be true for the B vectors. Therefore, for I
to be an intersection vector,

- -

AT 4| T K | B+ K
COS "|y=—tr—| + €08™ | —=——| = cos —_—
EEaEE B

and
[B4]7] ] |7[[B4] [B1][34]

Both values of I must be examined as candidates for an intersection vector. As can be
seen in sketch (f), 1 satisfies the first of the two criteria but fails the second. There-
fore, f is not a corner vector of the overlap area. In turn, each of the four sides of the
footprint formed by B vectors is examined in combination with the four sides of the foot-
print formed by A vectors. For the geometry of sketch (f), the intersection vectors Tl
and _1’2‘ are found in this manner.

Once all the corner vectors of the overlap area are found, the overlap area is deter-
mined. However, the interior and intersection vectors found are not necessarily in clock-
wise or counterclockwise order. To facilitate the calculation of the overlap area, the
corner vectors are ordered by considering the azimuth angle of each vector referenced to
an arbitrary vector within the overlap area. The corner vectors are redefined as fi
where i=1,2,3, .. ., n, and the reference vector D is formed by averaging the first
two corner vectors, that is
-F.]. + -F:Z

2

The vectors from D to each of the corner vectors are given by

D=

AF;=F; -D
where i=1,2,3, .. . n.

16




Xt

2

X Sketch (h)

The azimuth angle is found by considering the geometry of sketch (h). The primed
axis system is alined such that the X'-axis is in the radial direction, the Z'-axis is per-
pendicular to X' and in a northerly direction, and the Y'-axis completes the triad. The
rotation from the unprimed system to the primed system is accomplished by

X |=|cos ® 0 sin & || cos © sin © ol x
vy |= 0 1 0 -sin® cos® 0|y
z'|=|-sin® 0 cosd 0 0 1| z

where

17



Therefore, AF can be expressed in the primed system as

AFy1 = AFy cos & cos O + AFy cos $ sin © + AF, sin &
AFyv = -AFy sin O + AFy cos ©
AF,: = -AFx sin & cos © - AFy sin & sin © + AF; cos &

and the azimuth angle X is given by

AF .
sin 2 = y

\AFy:2 + AF,.2

AF
cos Z = z'

\aFy2 + AF,2

where 00 =3 =360°, Inthis manner the azimuth angle for each of the corner vectors

Afi is found and ordered such that they are clockwise (sketch (i)).

= g z =
D 1
F)+ = Fl
Wi =
N3 2
- -
F5 F2
Sketch (1)

The spherical excess Ec of the overlap area is now given as

Ec = (771 + Mg + Tg +774) - 360°

where the 7 angles are found in the same manner as the ¢ angles. The overlap, or
the ratio of the overlap area to the area of the previous footprint, is simply

E
Overlap = —C
Ex

where the range of the overlap is from 0 to 1.

18




The number of corner vectors comprising the overlap area is not necessarily four
but can vary from three to eight. Examples of various geometries are shown in sketch (j).
Although the method described was derived by considering a four-cornered overlap area,
which is the most frequent case, the procedure is applicable for all geometries. The

computer program, PANDG, has the capability to calculate the overlap for all six pos-
sible geometries,

Three corners Four corners Five corners

AN

W Y, O

51X corners Seven corners Eight corners
sketeh (J)

RESULTS AND DISCUSSION

The equations developed herein and the program options outlined have been incor-
porated into the computer program designated PANDG. The program was written in
FORTRAN IV language for a digital computer and contains a main program and 31 sub-
routines. The information necessary for the implementation of the program is contained
in the appendixes of this paper. Figure 1 is an example of the type of plots which can
result from the execution of PANDG.
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60 Ha = 30000 km
Hp = 1000 km
i = 60 deg
4o L 2 = 230 deg
w = 160 deg
240 fo = 300 deg
2300
20 45
o
8 210
3 o 20 \\\\\\
3
-
= 130°0Q
©
st |
-20 -
-ho |
-60 |
! i 1 1 i 3
120 160 200 240 280 320 360

Longi tude, deg

Figure 1.- Photography footprints between latitudes of -25° and 30°
and groundtrack for a satellite orbit about Mars.

The groundtrack of the spacecraft has been traced by the subsatellite points at 10°
intervals of true anomaly. Also shown is a series of camera footprints which resulted
from the choice of several program options. The region of photographic coverage was
designated as being between the latitudes of -25° and 30°, Within this region, vertical
photography was taken on an overlap consideration, The first in the sequence of foot-
prints occurred at the point where the camera center line crossed the 30° latitude line.
Photographs were then taken such that a 25-percent overlap existed between consecutive
frames. Photographic coverage continued until all four corners of the footprint were out
of the latitude band. PANDG then continued to output groundtrack data until one of the
program stop conditions was reached. For the particular case considered herein, the
program stop occurred when 400° of central angle had been traversed by the spacecraft.
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CONCLUDING REMARKS

A computer program has been developed to meet the needs of Project Viking in the
area of orbital reconnaissance. The program is intended as an analytical tool for pre-
liminary mission design and analysis,

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., June 2, 1970.
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PROGRAM DESCRIPTION

The program PANDG has been written entirely in FORTRAN IV computer language
for the Control Data 6600 digital computer and contains a main program and 31 subrou-
tines. The modular form in which the program was written resulted in a field length

(storage requirement) of 60 000g. A brief statement of the purpose of each subroutine
contained in the program follows.

CALJUL

CARCON

CARSPH

CONCAR

DOT

EEARTH

EMARS

EULER

GPRINT

JULCAL

LATLNG

LOGIC

OPRINT

ORBIT

22

Converts calendar date to Julian date

Converts Cartesian coordinates to conic elements

Converts Cartesian coordinates to spherical coordinates

Converts conic elements to Cartesian coordinates

Calculates the angle between two vectors

Calculates the mean heliocentric position and velocity of Earth

Calculates the mean heliocentric position and velocity of Mars

Performs an Euler rotation

Calculates and writes groundtrack data

Converts Julian date to calendar date

Converts Cartesian position to latitude and longitude

Examines program options to determine whether the next event is a
groundtrack or photography event and calculates the time increment
and true anomaly increment to the next event

Writes program inputs

Calculates Keplerian orbital elements for a periapsis-to-periapsis deboost




OVERLAP

PPRINT

PRATIO

PRECES

QADRAT

RECEQ

REQMEQ

REQPEQ

RXYZPQW
STDCASE

SUNBAND

TCONIC
TINVS

UPDATE

APPENDIX A

Calculates the time increment to the next camera footprint for a given
overlap ratio

Calculates and writes photography data
Calculates the overlap ratio between two footprints

Transforms mean Earth equinox and equator coordinates from one epoch
to another epoch

Solves an equation of the form AX% + BX + C =0 for the real roots

Calculates the point at which the camera vector pierces the surface
of the planet

Rotates a vector from the coordinate system of the mean equinox and
ecliptic of date to the coordinate system of the mean Earth equinox
and equator of date

Rotates a vector from the coordinate system of the mean Earth equinox
and equator of date to the coordinate system of the mean Mars equinox
and equator of date

Rotates a vector from the coordinate system of the mean Earth equinox
and equator of date to the coordinate system of the mean planet equinox
and equator of date

Rotates a vector from the X,Y,Z tothe PQW coordinate system

Defines program constants and standard input data

Calculates the two positions in orbit which correspond to a given lighting
angle

Calculates the time from periapsis passage for a given true anomaly
Converts mean anomaly to eccentric and true anomaly

Updates all time dependent parameters such as true anomaly, hour angle,
and so forth
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VECTOR Calculates the positions of the Sun, Earth, and Canopus in the coordinate
system of the center of the planet and the planet equator

WELLS Updates the argument of periapsis and the longitude of the ascending node

The main program is relatively simple, since its main purpose is administration.
The subroutine STDCASE is called first to define the program constants, to initialize
various parameters, and to define any standard data which it might contain. Afterwards,
the input data are read into the program by means of a FORTRAN IV namelist. Only two
options are considered in the main program. The input option (IPUT =1, 2, 3) denotes
the set of parameters input to describe the initial state of the spacecraft. The other
option (IDATE = 1, 2) denotes which date was used; the initial date can be input as either
a calendar date or a Julian date. Dependent on the options, the initial orbital elements
and the initial Julian date are calculated. In addition, the initial hour angle HA and
the unit Sun vector (subroutine VECTOR) are calculated. Afterwards, subroutine OPRINT
is called to write all the program inputs.

At this point the program is ready to perform its primary task of calculating photo-
graphic and groundtrack data. Subroutine LOGIC is called to determine whether the next
event is a groundtrack event or a photographic event. This information is contained in
the output parameter JJ. The time increment TSTEP and the true anomaly increment
FSTEP to the next event are also determined inside LOGIC. Next, subroutine UPDATE
is exercised to update all time-dependent parameters according to TSTEP and FSTEP.
Before processing the next event, however, the program stop conditions are examined.

If the time has exceeded the time stop or the central angle has exceeded its limit or the
orbit-number stop has been reached, then the case is terminated and a new set of input
data are read. If none of these conditions are met, then either the groundtrack data or
the photographic data are calculated and output. The program then proceeds to determine
the next event. This cycle is repeated until the case is complete. A flow diagram of the
main program follows.
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Call STDCASE
0

[}

t
£f =0
ONWM =1

T

Read input data

2 3
v \im /
(Hp + Hy + 2rs) 2
1. (vs + Hy) /a/ 1 Call ORBIT
Y ,
Calculate angular'
rate and period
f 7 IDATE .
Call CALJUL \/ Call JULCAL

L

¥

'

HA = HAREF + HADOT (JD-JDREF)

Call VECTOR

| Call OPRINT |

Initialize parameters inside sube
routine LOGIC

Call 106IC (0, TSTEP, FSTEP, JJ)

v
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Call LOGIC (1, TSTEP, FSTEP, JJ)

¥

Call UPDATE

t > TSTOP

Yes ¢{:E:>

# ¥ > FSTOP

Yes =’<:E:>

Yes =<:E:>

JJ >

<

No solution

Call GPRINT | [ ca11 peruvT |

®

®
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The program logi¢ is contained in the subroutine LOGIC. The purpose of the sub-
routine is to examine the program options in order to determine whether the next event
is a photographic event or a groundtrack event. In addition, it calculates the time and
true anomaly increments to the next event. The logic involved in this calculation is
rather complicated, as can be seen from the flow diagram of the subroutine. A number
of different options are examined in LOGIC. The option IPG determines whether the
program generates groundtrack data (IPG = 1), photographic data (IPG = 2), or the two
in combination (IPG = 3). If groundtrack data are generated, then ISTEP determines
whether this data is output on time (ISTEP = 1) or true anomaly (ISTEP = 2). If photo-
graphic data are generated, the camera system is defined as either vertical (IPHOTO = 0)
or nonvertical (IPHOTO = 1). For a single photograph, ISINGLE = 1. Usually, however,
a series of photographs is taken. The region of photographic interest is defined by the
IFRAME option. Within this region the photographs can be taken on either an overlap
consideration (IOLAP = 1) or a constant step (IOLAP = 0). Subroutine LOGIC considers
all these different options to determine the next event. The flow diagram follows.

Flow Diagram for
Subroutine LOGIC

FLAGP = O
TNEXTP
TNEXTG
NUMP =

0
0

S

800
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Call RAY (KK)

LAT1<LATC<LATZ2

FLAGP = 1

NUMP = 1
Call PPRINT

1 3
2

No
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Yes TNEXTP No

LEpEXTP = TSTEP |

TSTEP=TNEXTG TSTEP=TNEXTP
TNEXTP=TNEXTP-TSTEP| |NEXTG=TNEXTG-TSTEP
TNEXTG=0 TNEXTP=0
JI=1 FLAGP=1
JJ=2
NUMP=NUMP+1
5 Yt Y
/ !
F = F + FSTEP

Call RAY (KX)
F = F - FSTEP

Are any of the
four corners of |yeg
the footprint

between LAT1
and LATZ2

Are any of the
@'s at the four
corners of the
footprint between
¢, and ¢,
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FSTEP « ¢1,%,
@NEXT *‘¢l’¢2

logic
= 100

TSTEP
< DEIC

FSTEPR
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1

FSTEP=F -F

Y , TSTEP « FSTEP
NCNT = O
¢ « FSTEP
¥ )

Newton procedure
to get better
approx. for

FSTEP and ¢

TSTEP « FSTEP

P

&

NCNT = NCNT+1

€
Yes

799

NUMP = 1
FLAGP =
JJ =2
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NCNT = 0
PLAT1 < TSTEP,FSTEP

1

Newton procedure
to get better
approx. TSTEP,
FSTEP, PLAT1

| PrAT-PLAT2
<.001

NCNT = NCNT+1

JJ =3

800

RETURN
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PROGRAM LISTING

Program PANDG contains a main program and 31 subroutines. A FORTRAN IV
listing of the program is contained in this appendix. The purpose of each subroutine is
stated in the listing. Several of the subroutines contained in PANDG are not presented
herein, since their listings appear in reference 1. The following subroutine listings
have beem omitted: CARSPH, CONCAR, DOT, EEARTH, EMARS, EULER, JULCAL,
LATLNG, ORBIT, PRECES, QADRAT, RECEQ, REQMEQ, REQPEQ, RXYZPQW,
SUNBAND, TCONIC, TINVS, VECTOR.
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PROGRAM PANDR {INPUT sOUTPUT» TIPES=INPUT » TAPES=0UTPUT)

COMMON/BLCCKYI/Z IDCs JD«DATEsCNUM R, OL AST, DELTLDELF
COMMON/BLOCK2/AsEs X1 yWyOyF oy PERICD,ANGRAT FOLFTOTAL,TTOTAL
COMMON/RLOCK3/RDyCRyUyRS,PI,HAREF,HADOT, JDREF
COMMON/RLOCKA /SX e SY s SZyEXsEYZETZ 4(XyCYWC2

COMMCN/BLOCKS/ IPGy IPUT,ICATE, ISTEP, IOCC+IPHOTO,IMANU.IB,I0OLAP,IFR2
#MEL,ISINGLE

COMMON/BLOCKE/TSTOPFSTCP,CSTOP

COMMON/BLCCK7/HACyHPO»ACsECyXIC,wCo OO0, VINFsSCECySRABETA
COMMON/BLOCKB/XJ20RES,PHILPHIZ2,CVLAP+CANGF yCANGS FPHOTOL ,FPHCTC2
*,FOOTL,LAMRCA,LATL,LAT2,FLAT

DIMENSICN DATE(6),FOOTL(3,4)

REAL LAT1,LAT2,L AMBDA, L ATLAST

REAL JD.JDO, JDREF

INTEGER CSTOP.CNUM,OLAST

NAMELIST/CASE/HAGCHPOJAGEC o XICybC s O0,FUWDATEXJ20,RES,VINF,
#SDECSRALBETAWIPG,IPUT, ICATE, ISTEP, IOCC, IPHOTO,IMANU,IB,10LAP,IFRA
®ME L FSTOP +OSTOP o TSTOPYDELTHyDELF RS »UsPHILyPHI2+JDsOVLAP,CANGF,CANGS
X FPHOTO1 . FPHOTO2,,LATY,LATZ2,PLAT LAMBCAJHAREF 4HADOTJDREF+ISINGLE

ANGLE (X)=ANCDIX+36G)+180.-SICN{18044X)}

CCNTINUE

CALL STCCASE
READIS,CASE)

GO 70 lZo3.43.IPUT

A=A $ E=F0 $ XI=XIO $ W=W0 $& 0=CC $ £=FO
GO TC 5

AQ=(HPO+HAC+2.%RS) /2.
EN=1 .= (RS+HPO) /AD
GO Y0 2

CALL CRBIT(SDEC,SRA,VINF,FKAQ,HPC,BETAsAyE+XI+Ws0.PDEC,PRA,U,RS)
F=0. $ FO=0,

IF(A.LT.C) GO TD 1

PERTIOD=2.*PI*SORT(A%%*3/U)

ANGRAT=2.*PI1/PERIAD
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PANDG

GO TO(T.8). IDATE

CALL CALJUL(WIC FIDIWNDyFDyDATE)
JD=WID+F IN
GO TO 9

CONTINUFE
WID=FLOAT(IFIXL4DN)
FID=JC=wJN

CALL JULCAL(DATE,WIDWFJIC,0)

J00=0C
HA=ANGLE(FAREF+HADOT*(JC~JCREF) )

CALL VECTOR(JC+DECS+RAS)DECE RAESCECCIRAC)SXoSYeSZsEXWEYLEZ»CX4CY,y
*(CZol)

CALL OPRINTI(C)
CALL LOGIC{QWTSTEPLFSTEP,JJ)
CALL LOGIC(Y1+TSTEPFSTEP,JJ)

CALL UPLATF{TSTFEP,FSTEP)
IF(CIC-JD0Y%86400.6T.TSTCP) GO TC 1
IF{ONUM.GT,.CSTOP) GO TO 1
IF(FTOTALLGTLFSTOPY GO TC 1
IF(OLAST.NELONUM) CALL CPRINTI(1)

GO T (11,12,13),44

CALL GPRINT
GO 10 1D

CALL FPRINT
60 TQ 19

WRITE(5.101)

FORMAT {#ON0 SCLUTICON FOUND *)
G0 Tn 1

END
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SUBROUTINE PRATIC(FOOTO,FCCTF,RATIO)
THIS SURROUTINE CALCULATES THE CVERLAP RATIC BETWEEN TWO FOOTPRINTS

FOOTO - MATRIX GOF 4 COLUMN VECTCRS DEFINING PREVICUS FOOTPRINT
FONTF - MATRIX 0OF 4 COLUMN VECTCRS DEFINING PRESENT FODOTPRINT
RATIN - FCOTPRINT CVERL AP RATIC

CGMMCN/BLCCK3/RD+DRyU4RSHyPIHAREF,KADCY 4 JDREF
COMMON/BLOCKS/IPGIPUT,IDAYE,ISTEP, IOCCIPHOTO,IMANU,.IB,I0LAP,
1IFRAME,,ISINGLE

REAL MAGV yNGRM, NCRMO NCRMF ¢ NFIOT,NFLOT,MAGyMAGII +MAGLI NOJFI,NOLFI

DIMENSION FCCT(3,6),FODTO(244)FfCCTF(2,4),NORM(3,6),NCRMO(3,4),NCF
EMFE(344) o VINT(3) yANGOI4) yRFJOI (3 ) 4NFLCI(3) 4 ANCF {4 I, NOJFI(3),NOLFI(2
%) LANO(4) . CANF(4)

DIMENSICN C(3),X(3),22(8),ISTCRE(8)

ANGLE(X)=AMCD(X+360,1+18C~SIGN(1EQ.yX)

RATIO0=0. $ EXCES=0.
N=0

N0 3 I=1,.4

J=1+1 § IFLJ.EQ.5) J=1
NORMO(1,1)=FCOTO(2,1)%FCOTC(3,J)-FOOTO(2,J)*FOOTO(3,1)
NORMO (2, 1)=FO0TO(1,J)*FCOTO(3,1)-FOOTC(1,1)*FOOTO(3,4)
NORMO(3, 1)=FCCTO(1,1)*FCOTC(2,4)-FOOTO(1,J)*F00TO(2,1)
NORME(1+T)=FOOTF(2,1)%FO0TF(2,J)=FCCTF(2,J) *FCCTF(3,1)
NORMF (2, T)=FOCTF(1,J)*FCOTF(3, 1)-FCOTF(1, [} #FOOTF(3,J)
NORMF (34 1)=FCOTF(1,1)*FCCTF(2,J)-FOCTF(1,3)*FOOTF(2,1)

TEMPO=0. $ TEMPF=].

CO 1 K=1.73
TEMPO=TEMPC+NORMCIK, T )%%2
TEMPF=TEMPF+NORMF (K, 1) **2
TEMFC=SCRT(TEMPO)
TEMPF=SQRT(TEMPF)
IF(ABSITEMPC)LT..D1)GO TC 8CO
IF{ABSI{TFMPF) . LT..01)GC TC 8CO
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PRATIO

CO 2 K=1,3
NORMC(K»I)=NCRMGI(K,1)/TEMFC
NORMF{Kes T )=NCRMF{K,1)/TEMPF

ANGO(T)=ACCS({FOOTO[1,1)1%FCOTCI1,J)+FCCTO(2,1¥%FOOTO(2,4)+FQCTC(3,
*[)%¥FCOTC(34,J))/RS/RS)I*RL
ANGF (1) =ACCSU(FOCTF({1,1)*FCOTF{1,J)+FOOTF(2,1)*FOOTF(2,J)+FOCTF (3,
*[VKFCCTF(3,J)V/RS/RS)*RL

ANG=0. $ SUN=0,

=4

N0 &4 I=1.,4

CANO(I) =ACCS{=1.*{NORMC{LlyJ)XNCFMCI1s1)+NORMO(2,J)=NORMO( 2, 1) +NCRV
*C{3,J)*NORMO(2, 1)) )%RD

ANG=ANG+C ANCI(1)
CANFLI)=ACOS(=1.%(NORMF{L, JYRNCRNF( 14 1) +NORMF{2,JV%NCRMF{2, 1) +NCRV
*F(3 4 JVENCRMF{3,1)))%*RD

SUM=SUM+CANFI(T])

J=1

EXCESC=ANG-360.
EXCESF=SUM=36C.,
Ml==]1§M2=1$M3=2

f0 5 I=Y.4
K=1+1 ¢ TF{K.EQ.5) K=1
L0 S J=1.4
L=J+1 $ IF(L.FQ.5) L=1

0O S ISIGA=M1,M2,M3
VINTELY=NCRNMC(2+T)ANCRMF( 2, J)=NCFNF{2,J)2NORNMC(3,])

VINT(2)=NCRMF (1, J)XNORMO(3, I)~NCRMO(1,I)*NORMF(3,J)

VINT(3) =NORMO(1sI)ENORMF(2,J)=NCENF{1,J)%NCRMC(2,1)

MAGY =SORTIVINT{1)*%2+VINT(2)#%24VINT(3)#%2)*]ISIGN
VINTU{L)=VINT(1)/MAGY $ VINT(2)=VINT(2)/MAGY $ VINT(3)=VINT(3)/MACYV

ANGVI=ACOSI (FCCTO(1,I)*VINT(1)+4FOQTC(2, I V#VINT(2)+FO0TO(3,1)2V]
*NT(3))/RS)*RD
ANGVK=ACCS( (FOOTO(1,K)*VINT(1)+FOOTO(2,K)#VINT(2)+FO0TO(3,K) V]
#*NT(3))/RS) *RD

TFIARSEANGVI+ANGVK=ANGCII)) GT..CC1l) GC TO S
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PRATIO

ANGVJ=ACOS (FOOTF(LlyJ)*VINT(1)+FOOTFL2,J)#VINT(2)+FOOTF(3,J)*V]
*NT(3))/RS)I*RD

ANGVL=ACOST (FOOTF{1,L)*VINT{1)+FOOTF(2,L)%VINT(2)+FOOTF(3,L)*VI
*NT{3))/RSI*RD

IF(ABS{ANGVJ+ANGVL-ANCF({J)).CT.1.E~6) CC TO §

TEMP=VINT (1) *FOOTO(1, I)+VINT(Z)*FOOTO(2, TI+VINT(2)%F00TO(3,1)
41 VINT(13==VINT(1) $ VINT{2¥==VINT(2) $ VINT(3)==VINT(3)

42 N=N+1
FOOT(1.N) =VINT(1)
FOOT(2.N}) =VINT(2)
FOOT(3,N) =VINT(3)

5 CONTINUE

LO 8 I=1.4

Sym=Q,

DO &6 J=1,4

L=J+1 $ IF(L.EQ.S) L=1

NFJOI(1)=FOOTF(2.J)*%FCOTC(3, I}=-FCCTO(2,1)%FO0TF{2,4)
NFJOTI2)1=FO0TOLL IV XFO0TF{3,J)-FCCTF(1,J)*FCCTO(3,])
NFIDT(3¥=FCCTF(1,J)%FO0TC(2,1)-FCOTCUL-1V*FDOTF(2,44)
MAGJT=SORTINFJOT (L) %%224NFJOT {2)322+NFJCI(3 ) %%2)

NFLOTU1)=FOOTF{2,L)*FOCTOL3,1)-FCOTOL2,1)*FOCTF{3,L)
NFLOI(2)=FOCTC{L I VXFOOTF{3,L)-FCCTF{1,L)*FCCTO(3,1)
NFLOT(3V=FOOTF(Y.L)%FO0TC(Z,1)-FCCTO(1,11*FOOTF(2,L)
MAGLI=SORT{NFLOI(1)**2+NFLCI(2)*32+NFLOT(3)%%2)

6 SUM=SUM+ACCS (NFJCT(L)ENFLCI(YID#NFJCTII2)IANFLOT(2)¢NFJOT(3)#NFLO
¥ 1(3))/MAGJI/MAGLT )*RD+ACOSH (NFJCI(L)ENCRMFI{1,J)+NFJCI(2)%NL
* RMF{24J)+NFIOT(3IENORMF(3,J) }/MAGITI*RD+ACOS(=1*(NFLOI(1)*NCGRW
* FULleJ)+NFLOT(2)%NCRMF(2 4 J)I4NFLCI{3)%NORMF(3,J) )/ MAGLI)*RD-180.

IF(ABS(SUM-EXCESF).LT.,0C1) 7,8
7 N=N+1
FOOT(1N)=FCCTOL1,1)

FOOQT(2,NY=FCOCTO(2,1}
FOOT(3.N)=FCOTO(3,1)
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PRATIO

THETaI=CANCI(I)
CONTINUE

N0 11 I=1.4

SUM=Q0,

DN 9 J=1.4

t=J+1 ¢ IF(L.EQ.5) L=1

NNSFI(1Y=FOOTCI(2,J)%FCOTF(341)=FCCTF(2,1)%FCCTO(3,J)
NOJFT(2)=FOOTF(1.1)%FODT0(3,J)-FCCTO(1,J)*FDOTF(3,1)
NDJFI(3)=FCOTCIL JI%FCOTF(2,1)=FCCTF(1, IVXFOCTO(2,4)
MAGIT=SORTINCIFICLI*%24NCIFT( 2V %% 24NOJFI (31 %%2)

NOLFTI{(1)=FOCTC(Z,LV*FCOTF(3,1)=FCCTF(2,1V*FCCTC{3,L)
NOLFI(2}=FOOTF{1,1)%FOOTO(2,L)=FCCTC{1,L)I*FOOTF{3,1)
NOLFI(3)=FONTO(l JLIXFCOTFI(2,1)-FCCTF (1, 1}*FOOTO(2,L)
MAGLTI=SORTINOLFIC 1) % %24NCLFI(2) *%2+NOLFI(3)%**2)

g SUM=SUM+ACOSH {NOJFI(L)XNCLFI{1)+NOJFI(2)*NCLFT(2)}+NOJFI(3)*NOLF

10

11

209

201

202

*
*
%

T(3))/MAGJI/MAGL I )*RD+ACOS( {NCJFI(1)%NORMO(1,J)ENCIFTI(2)%NC
RNCU2,4J)4+NCIFI(3)XNCRNMCI3,J) )}/ MAGITI*RD+ACOSt=1*(NODLFI11)*NCRV
O(1,JI+NOLFI(2)*NORMO(24J) +NCLFI{2)*NORMCI{3,J))/MAGLT)*RD~180.

IFLABSISUN=FXCESO) oL TeleE~€) 1Cy11

N=N+1

FOOT{1 N)=FLCTF(Y, 1)
FNOT(2.N)=FCOTF(2,1)
FOOT(3.N)=FCOTF(2,])
THETAI=CANF({I}

CONTINUE

IFINJEQ.C) GC TO 800

NC=N

DO 201 1=1.AC
MAG=SORTIFCCTIL s I}%%2+FOCT(2,1)2%2+FQCT(3,1)%22)
BO 201 J=1.3

FOOT( JoT)=FCAT{J,1)/MAG

DO 202 1=1,3
ClI)=(FOOTI{T.1)+FCCT(I,2))/2,
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PRATIO

MAG=SQRT(C(1)%*2+C(2)*%24((3)%%2})
DO 202 I=1,3
C(1)=C(I)/MAG

XY=SQRT{C(1)%%24C{2)%%7)
ST=C(2)/XxY

CT=Cl11)/XY

SP=C{3)
CP=SQRT{1.~SP%xSP)

DO 205 I=1,NC

DO 204 J=1,3
X{J¥=FCOT(J,1)=C{J)

YP==X{1)1*ST+X{2)*CT

IP==X (1) %SP¥CT=X{2)%SP*ST+X {3 )*(F
AZ{I)=ANGLE{ATAN2(YP,IP)#RD)
ISTORE(1)=1

BO 206 T=1,NC

M=NC-1

CO 206 =1,V
IF(AZ(J).LT.AZ(J+1)) GO TC 2C6
ATEMP=AZ(J)
ITEMP=1STORE ( J)
AZ(J)=A7(J+1)
ISTORE(J)=ISTCRE(J+1)
AZ(J+1)=ATEMP

ISTORE (J+1)=1TEMP
CONTINUE

00 2C7 K=1,NC
I=ISTAORE(K)
J=ISTORE(K+1)
IFIKLEQ.NC) J=ISTORE(1)

NORMI{1,KI=FCCT(2,1)%F00T(3, J)-FCCT(2,J)*%F00OTI(2,1])
NORM{2,K)=FOCT( 1, JVXFOOT(3,1)=-FCCT(14I)XFOCT(3,4)
NOGRM(3,K)=FCCTU1,I1)*FO0T(2,J)-FCCT(1,J}*F0OT(2,1)
MAG=SORTINORMI1,K)¥k%2+4NCRM[2,K) %X *2+NCRM(3,K)#%2)

0O 207 L=1,3
NORM{L 4K)=NORM(L K) /MAG

J=NC $ Suv=QC,
CO 208 T=1.NC

SUM=SUM+ACOS{=1.%(NORM{ 1,1 )*NCR¥ (14 Ji4NCRM( 2,1 )%NORM(2,J)+NCRM (3,1

*)%NORM(3, J)))*RD
J=1

EXCES=SUM=-(NC=-2) %180,
RATIO=EXCES/EXCESO

800 CONTINUE

RETURN
END
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SURROUTINE LCGIC(K,TSTEP,FSTEP,JJ)

THIS SURRNUTINE EXAMINES PROGRAM CPTIONS TO DETERMINE WHETHER THE
NEXT EVENT IS A GROUNDTRACK CR FECTOGRAPHY EVENT AND CALCULATES
THE TIME INCREMENT AND TRUE ANGMALY INCREMENT TO THE NEXT EVENT

K=0 INITIALIZE

k=1 CCMPUTE NFXT STEP ( TSTEP IM SEC AND FSTEP IN DEG )
TSTEP = TIME INCREMENT TC NEXT EVENT

FSTEP - TRUE ANGCMALY INCREMENT TCO NEXT EVENT

JJ=1 UPCATE AND CALL SUR GPRINY

JJ=2 UPLCATE AND CALL SUB PPRINT

Jd=3 N0 SCLUTICN

COMMCN/RBRLCCK1/ JDCy JDsCATE CNUMy 2o OLAST,CELTHDELF
COMMON/BLOCK2/AsEo XTIy WeOyF 4 PERICC) ANGRATFOLFTOTAL.TTCTAL
COMMON/BLCCK3/RDsCR4UyRSyPI,yHAREF,HADOT» JDREF
COMMON/BLCCKE/SXoSY s SZyEXsEYHEZ +CXaCYHC2Z

COMMON/RLOCKS/ IPGoIPUT,ICATE, ISTEP, IOCC, IPHOTC, IMANU, 1B, IOLAP , IFRS
*ME, ISINGLF

COVMCN/BLCCKG/TSTOP,FSTCP,CSTAP
COMMON/BLOCKT/HACsHPOyAQ+EC 4 XIC oWCoeO0 s VINF+SDEC+SRA,BETA
COMMCN/BLCCKB/XJ204RES,PHI1,PHIZ,0VLAP,CANGF,CANGS.FPHOTOL1,FPHOTOZ
% FNOTLLAMBCALLATYLLAT2,PLAT

COMMON/BLCCKI/NUMP

REAL LAT)Y LAT2.LAMBDA,L ATLAST

REAL M2, JDTEMP

REAL JD, JCCo JDREF

INTEGER CSTCP.ONUM,OLAST

INTEGER FLAGP

DIMENSION CATE(6).FOOTL(3,4)

CIMENSICN RPCWI(3,3)

ANGLE (X)) =AMDOND({X+360.)+18Ce=SIGN{1EQ.+X)

KK=K +1
GN TO (14101) 4KK

FLAGP=D
TNEXTP=0,
TNEXTG=0.
NUMP =0




101

102
103

104

105

106

108

108

110

107
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LOGIC

60 TC 8CC

TFIABS(FTCTAL).GT.4001) GC TC 2
GO 70 (1€7,102,1C2),1PG

60 7O (106,103,1C5,108),IFRAME
CALL RAY(C.v0aoXCoYC4ZCyKK)
IFIKK.EQ.CY) GG TCQ 2

CALL DCT(SXeSY+SZ+XCoYC I ,6)
IF(G.LT.PHI2.AND.G.GT.PKI1) 1C4,106
FLAGP=1

nNUMP=1

CALL PPRINT

GO T0O 2
DELFY12=ANGLE(FPHCTC2~-FPHCTC])
CELFO2=ANGLE{FPHNTO2-F)
IF(DELFO2 .LT.DELF12) 104,1C¢

GO TO 12,2,107),1PG

CALL RAY(Ca+Qe o XCoYC 42C yKK)
IFIKK.EQ.Q)Y GC TO 2
SINC=2C/RS

TF(LATL.GT.LAT2) 1C9,110
TEMP=LAT?2

LAT 2= AT

LATY=TEMP

SINI=SIN{LAT1%DR)
SIN2=SIN{LAT2%DR)

KK=1
IFISINCoLT.SINZ2.ANDSSINC.GTLSINI) KK=2
GO TO {(106.,104),KK

CAlLL GPRINT

GO T0 (3.17.8).1IFPG
JJ=1
GO TN (4 .6),ISTEP

TSTEP=DELTY

CALL TCONIC(U.E.A,F,T1)

V2= ANGRAT*({T1+TSTEP)

CALL TINVS(M2,E,EC2,F2)
F2=ANGLE(F2*RD)

FSTEP=F2-F

IFIFSTEP.LT.C4) FSTEP=36C.+FSTEP
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LOGIC

GN TO 8anc

FSTEP=DELF

CALL TCONIC(U+EsQ,F,T1)

CALL TCCNIC({U+EsAsF+FSTEP,T2)
TSTEP=T2-T2

IFITSTEPLTeGa) TSTEP=PERICC+TSTEF
GO TO (S00426,24),1PC

CONTINUF

IFLARSITNEXTP) JLT.1eE~6) 17,13
TNEXTP=TSTFP

IFLABSITNEXTC) 4L TeleE~¢) 11,14
GO TO (22,1234, ISTEP

INEXTCE=NELT
GO 10O 14

CALL TCCNTC(UsEs24F.T1)
CALL TCCNIC(UsEsB8oF4+DELF,T2)
TNFEXTG=T2=T1

IF{TNEXTGoLTeDe) TNEXTG=PERICC+TNEXTG

IFETNEXTGLL TS TNEXTPY 15,16

TSTEP=TNFXTG
TNEXTP=TNEXTP=TSTEP
INFXTG=0.

Ji=1

GO TC %

TSTEP=TNEXTF
TNEXTG=TNEXTG~TSTEP
INEXTP=0.

FLAGP =]

NUMP=AUMP+]

Ji=2

GO TO %

CONT INUE
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IF(FLAGP.EQ.Q) 26,18

GO TC (1542CG+204+2C)IFRANME
FLAGP=0

NUMP =0

GO TC 17

IF{TOLAPL.EQ.0) 21,423
60 TO (307.,€).,1STEP

CALL OVERLAPUTSTEP)

GO TC 308

TSTEP=DELT

CALL TCONTC{ULEs8,F,T1)
M2=ANGRAT*(T1+TSTEP)

CALL TINVS(M2,E.EC2.F2)
F2=ANGLE (F2*RD)

FSTEP=F2~F
IF(FSTEP. LT, Co YFSTEP=36Co+FSTEF

GN TO (242+242+2414293),1FRANME

CALL TCCNIC(UWEs84F,T1)
M2=ANGRAT*{T1+TSTEP)

CALL TINVS{M2,E,FC2,FNEXT)
FNEXT=ANGLE(FNEXT%RD)
IF{FNEXT«GT FPHOTO2) 281,25

JOTEMP=JD+TSTEP/BE4QG,

CALL VECTOR{JDTEMP.RY 4B2,R2,8%,B5 4BESXTEMP,SYTEMP,SITEMP,B7,B8,89

*,B10+R11,R12.4)

F=F+FSTEP

CALL RAY(0,4CqeXCyYC+ZCsKK)

F=F=FSTEP

CALL DCT(SXTEMP,SYTEMP,SZTEMP,XCyYCsZ2CoGTEMP)

IF(GTEMP.LT.PHIZ2 . AND.GTEMP,GT.FHILY 25,27

GO TO (8CD42649).1PG
JJ=2

NUMP=AUMP+]

GO 10 5
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CONT INUF
D0 28 I=1,2

00 28 J=1,2

F=F+ESTEP _

CALL RAY((=1.)%%kI*CANGFqy(=1,)%%J%CANGS,XCyYCsZCoKK)
F=F-FSTEP

IF(KK.EQ.D) GD TO 28

CALL BCTUSXTEMPSYTEMP,SZTENFyXCyYCo2CsCTEMP)
IF(GTEMP.LT.PHI2,AND.GTEMP.GT.PHI1) GO TO 25

CONT INUF

FLAGP=D
NUMP =3
G0 TO 17

F=F+FSTEP

CALL RAY(Cq4 oCooXToYT4ZT,4KK)

F=F=-FSTEP

IF(KK.EQ.0) GC TC 7939

SINC=2T/RS

PLATC=ASTIN{SINC)%*RD
IF(SINC+GT«.SINZ.ORsSINC.LT.SINL) GO TC 296
GO TQ 25

F=F+FSTEP

IABOVE=)D

TREL IW=)

N 299 1=1,2

DN 299 J=1.2

CALL RAY((=1,)*%]%CANGF (=1, )%%J3CANGS oy XTo YT 2T,KK)
IF(KK.EQeC) GO TO 299

SLAT=2T/RS

PLATL1=ASTIN{SLAT*RD

IFISLAT.GT.SIN2) TABRCVE=IABCVE+]
IFISLATLLT.SINL) IBELOW=IBELOW+1
CCNTINUE
IFIIARNDVE.EQ.4 DR IBELOWSEC4) 32GC43C5
CONT INUE

F=F~FSTEP

GO TOo 281

F=F=FSTEP

GO TQ 25
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CONTINUF
GO TO (38.,30,36,52)IFRANME

CALL SUNBANCU(SXsSYsSZyPHI1yXTsWsCoRPCW.FL1.F2,ITYPEL,ITYPE2,0)
CALL SUNBAND{SXsSYySZyPHI2yXI yWyCvRPOWF3+F4oITYPE3,ITYPE4S,D)
IFCITYPEL EQ.O) F1=1C0C.

IF(TTYPE2.EQ.C) F2=1003.

IF{ITYPE3.EC.0) F3=1000.

IF(ITYPE4.EQ.G) F4=100C.

IFIAMINI(FY14F24F3,F4).GT.3%9.) GC TO 769
DF=AMINY(ANGLE(F1~F) 4 ANGLE(F2=F) ) ANGLE(F3-F) s ANGLE(F4~F))
FSTEP=DF

IF(ABSIDF-ANGLE(F1=F))alT..CCLl}) CC TO 31
[IF{ABSIDF=ANGLE(F2-F)).LTesCCl) CGC TC 31

GNEXT=PHI?2

GO T0*32

GNEXT=PHI1

CONTINUE

IF(IPHOTOL.EQ.O0)Y GO TC 37

NCNT=0

CALL TCCNIC{U+E.AF.T1)
CALL TCONIC{U+EsA,F¢DF,72)
bT=7T2-T1

IF(DT.LT.0.) DT=PERICD+LCY

CALL UPCATE(CT,DF)

Ti=T2

CALL RAY{Q.+QoeXCyYCoIC KK
CALL DCT(SX4'SYWaSZoXC oYC,2C4G1)

CONTINUE

CALL TCONIC{U+EsAsF+1,.,T2)
TISTEP=T2-T1

IF(TSTEP L T.0.) TSTEP=PERIOD+TSTEP
DF=DF+1.

DT=DT+TSTEP

CALL UPDATE(TSTEP,.,1.)

CALL RAY(OesCuvXCoYC+ZC KK

CALL DBCTUSX sSYsSZeXCyYCy2L+G2)
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PGWRTF=(G2-C1)/1.
FSTEP=={G1-GNEXT) /PGWRTF=-1i,
T1=T2

CALL TCCNIC{UWE+AF+FSTEP,T2)
TSTEP=T2-T1

IFIFSTEP.GTaNe s AND.TSTEP,LT.0.) TSTEP=PERIOD+TSTEP
IF{FSTFP L Te0eoAND . TSTEP.GT.0.) TSTEP=TSTEP~PERIOD

NF=DF+FSTEP

DT=DT+TSTEP

CALL UPCATE(TSTEP.FSTEP)

CALL RAY(D41Ca s XCo¥YC oZIC yKK)
CALL DOTISXsSYsSZevXCeVCHZCyG1)
T11=T2

NCNT=NCNT+1
IFINCNT.EQ.10) 793,33

CCNTINUE
ISTEP=DT
FSTEP=DF
CALL UPDATE(-DT,~DF)
GN TO 59

CONTINUF
FSTEP=ANGLE(FPHOTOL=-F)

CALL TCCONIC(U+ELA.F, Tl

CALL TCONTC(U+EoA,F+FSTEP,T2)
TSTEP=T2-T1

IF{TSTEP.LT.0.) TSTEP=TSTEP+PERICLC
GO TN 52

GO TN (39.,448),TSINGLE
SC1=SIN(PLAT*DR) /SIN{XI*CR)
IF{ABS{SCY1).GE.1s} GO TC 759
C1=ASIN{SC1)}*RD
C2=SIGN{180.,C1)~-C1
CO=ANGLE(W+F)

CELC=AMINI (ANGLF{C1=CO),ANGLE(C2-CO))

CALL TOCNIC{UELA,F,T1)
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CALL TCCNIC(U.E, 8, F+CELC,T2)

DT=T2-T1

TF(DT .LT.0.) OT=PERIOD+CTY

0STAR=0

WSTAR=W

CALL WELLS{RS UJeXJ204AyEyXIykSTAR,0STER,CT)
FL=ANGLE(CC+DELC~-WSTAR}

FSTEP=ANGLE(FL~F)

TSTEP=DT

IF{IPHOT0.EQ.O) GO TC 50

42 NCNT=0
CALL UPCATE(TSTEP,.FSTEP)
CALL RAY (O e oDa s XTo VYT, IT,KK)
IF{KK.EQ.C) GO TC 793
PLAT1I=ASINIZT/RS)I*RD

43 T1=T2
CALL TCONIC{U»E4R,F41,,T72)
DT=7T2-T1
IF(DTLT.0.) DT=PERICD+DT
CALL UPDATE(DT,1.)
TSTEP=TSTEP+DT $ FSTEP=FSTEP+].
CALL RAY (D4 eQaoXToYT,4IT,KK)
IFIKK.FQ.3) GO TO 799
PLAT2=ASIN(ZT/RS }*RC
PLWRTF=(PLAT2-PLAT]1) /1.
CF={PLAT=-PLATY)/PLWRTF~1,
T1=T72
CALL TCCONICH{UE.8,F40F,T2)
DT=T72-T1
IF{DT el Te0a s AND,NF.GT ,Go) CT=PERICD+DT
IFIDTeGTe00 o AND NF.LTe0e) CT=CT=-FERICD
CALL UPCATE(LT,OF)
TSTEP=TSTEP+DY ¢ FSTEP=FSTEP+DF
CALL RAY({O 49 Qoo XTo¥YT 42T ,KK)
IFIKK.EQ.C) GO TO 799
PLAT1=ASIN{ZT/RS)I*RD
IF(ABS(PLATI-PLAT)LT,.0C1) 45,44

44 NCNT=NCNT+1
IFINCNT.FQ.10) 789,43

45 CALL UPLCATE(=TSTEP.,~FSTEP)
GO TC 50

46 CONTINUF
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DUMMY LOGIC

FSTEP=13C.
GO TO 37

SXT=SIN{XI*DR)
SC1=SIN({LATI*DR} /SXI
SC3=SIN(LAT2%DR)/SXI
CO=ANGLE(W+F)
IFLABS(SC1).GE.1.) 55,456
C1=C0+35%.69 $§ C2=C1 $ GC TC 57
CONTINUE

Cl=ASIN(SCYI*RD
€2=SIGN(18C.,C1)~-C1
IF(ARS(SC3).GE.1.) 58,59
C3=C0+359.56 ¢ C4=C3 ¢ GC 70O 5C
CONTINUE

C3=ASIN{SC3)*RD
C4=SIGN(18C.,C3)~C3

CONTINUE
CMIN=AMIN1(C1.C2+C3+C4)
IFICMIN.GT.999.) GO TQ 799

CELC=AMINI(ANGLE(C1-CO) s ANGLE(C2-CO) +ANGLE (C3—-C0) ,ANGLE (C4=CO))

IF{ ARS(DELC-ANGLE(C1-CC)).LT..C01) GO YO 53
IF( ABS{DELC-ANGLE(C2-C0))+LT4.C01) GC TO 53
PLAT=LAT?2

LATLAST=LATI

60 TO 54

PLAT=L AT

LATLAST=1 AT2

GO TO 41

GO TC (51+5149)41PC

FLAGP=1
NUMP =1
JJ=2

GO TO 8CG

Ji=3
RETURN
END
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SUBRAOUTINE GPRINT
THIS SUBROUTINE CALCULATES AND WRITES GROUNDTRACK DATA

DIMENSICN DATE(6),OTME(4) ,FOCTLIZ v4)

REAL JCC,JD.LAT3,LON2Z

REAL LATY .LAT2.LAMBDA,LATLAST

INTEGER CSTCP,CNUM,0OLAST
COMMON/BLOCKYL/ JDO+JD+DATE yCNUMSHRE +OLASTWDELT ,DELF
COMMON/BLOCK2/ A0 EoXT oW Oy FyPERICC,ANGRAT,FO,FTOTAL,TTOTAL
COMMON/BLOCK3/RD DR U,RSyP1  HAREF ,HADOT, JOREF
COMMCN/BLCCKA/SXoSYeSZyEXyEYyEZ9CX,yCY,CZ

COMMCN/BLCCKS /IPGeTPUT,ICATEy ISTEP,ICCCoIPHOTC, IMANUY 1By TIOLAP, JFRA
*ME. ISINGLE

COMMCN/BLCCKE/TSTOPWFSTCF,LSTCP
COMMON/RLOCKT/HAGHPO A0, ECyXIO,WC» 00 o VINF 4 SDEC+SRALBETA
COMMON/BLCCKB/XJ20 +RESyPHIL 4y PHI2,CVLAP,CANGF CANGSFPHOTO1,FPHOTOZ
¥ FOOTL.LAMBDALLAT1LAT2,PLAT

ANGLE (X} =AMCD(X 36014180, ~SIGN(180.+X)

CALL CONCAR{AF o XTI oWsOyFyX19Y19Z1+DX1,+0Y1,DZ1 L)
X2=X1*COS(HAXDR }+Y1 *SIN{HA#DR)
¥2==X1*SIN{HAXDR)+Y1%COS(HA%DR)

12=171

NX2=0X1*CCS{HAXDRI+DYL*SIN(HAXCR)
DY2==DX1*SIN{HA*DRI+DY1#CCS(HKA*DR)

D72=D171

CALL BOT(X1+YYeZ1+SXsSY4SZ4PHI)
CALL CARCON(X2+Y2+22,DX29DY2,0724824+E24X12,W2,C24F2,U)

CALL CARSPH(X2¢Y24¢224DX29DYZyCZ2+F2.LON2,LAT3,V2,GAM2,51G2)
LONZ=ANGLE (LCN2}
HZ2=R2=RS

WM=HADOT*DR/RE4LTC.
VHI=V2*COS(GAM2%LCR)
VHIE=VHI*SIN{SIG2%DR)
VHIN=VHI*CCS(SIG2*DR)
VMF=RS*COS(LAT3%DR ) *WM
VTE=VHIE~-VVME
SIG2R=ATAN2{VTE,VHIN) %*RD
VHR=SQRT{VHIN*%2+VTE%%2})
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HVOH=VAR /H2
CELJN=TTNTAL/BELCC.,
NAYS=DEL Jr-ANOD(DFLJID,1.)
DELHRS=({CELJN-DAYS)I*24,
HRS=NELY4RS—AMCD(DELHRS,1.)
NEL MIN= {DELHRS=HRS) %60,
MINSDFLMIAN=AMOD(NELMIN,1,)
SEC={DELMIN=-MIN) %50,
CTME(1)=TAYS

OTMF(2) =HRS

CTME(3)=MIN

OTME{4)=SEC

S=TTOTAL

WRITE(SIGLYIDSCATELZCTME,SyCAUV
WRITELSW102LAT3,LON2yH2yV2yGAN2,PHT yHVOH KA WO F

101 FORMAT(IHN/* JULTAN DATE*,F18.8,2Xs*CALENDCAR CATE*,F4.,0+4F3.0,F7.2
Le2X o *ORBIT TIME®,3F3,0,F6.292Xs*(SECI*9G12.64%CRBIT NCk,12)

102 FORMATILHC ¢#L AT =%, FlEe By 22Xy *LCNG =#,E16.842Xo%ALT  =¥%4E16.8,2X,
IHVELT =% E164802Xo%FPAL =%k E1€4E3/1 Xo*PHI =%*,E16.842X®*VOHR =%,
2E16 802X, #HA =XyELlé o892Xy *NW SkGE1€.842X0%0 =%k yE16489/1Xy*1
3.4, =%4F16.9)

RFTURN
END
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SUBRAUTINF CPRINTI(K)

THIS SULRRECUTINE WRITES THE PRCGRANM INPUTS

K={ INITAL PRINTOUT ( ST2RT QF CASE

K=1 PERTIAPSIS PRINTOUT
COMMON/BLCCKY/ JCCodD s CATE CNUMF £ 0L ASTDELT 4 DELF
COMMON/BLOCK2/AsEo X1 oWyDyFyPERICDyANGRATWFOLWFTCTALLTTOTAL
COCMMON/RLCCK2/RD2OCRWUYyRSyPIWHFAREF,HADOT,, JDREF
COMMON/BLOCKE/SXeSY s SZyEXsEY9EZ4CX4CYHC2
COMMON/BLCCKE/IPGIPUT,ICATE, ISTEP, IOCC, IPHQOTO, IMANU, IR, IOLAP, IFRA
*ME, ISINGLF

COVMMCN/BLCCKE/TSTOPLFSTCP,CSTCP
COMMON/RLOCKT/HAC+HPO s ACHENyXICyWC+O00VINF .SOFC,SRA,BETA
CCMMON/RLCCKB/XJZ20,RESyPHILPHIZOVLAPCANGF +CANGS«FPHOTOL,FPHQOTCZ
¥ oFONTL L. AMBDALLATLLLAT2,PLAT

CIMENSICN CATE(AR)FOCTL(3,4)

REAL LATI.LAT2,LAMBDALLATLAST

INTFGER CSTCP

KK=K+1}

GO TC (1+2) KK

CONTINUFE
WRITE(LWIONIVADLRETAWCANGF yCANGS yCATE (1) o CATE(2),DATE(3)WDATE(4) L
JATE(S)eLATE(E) e DELF W DELT Yy ECHyFCHFPFOTCLFPHOTCZ»FSTOP o HACWHFO,1IR,1IC
ZATF IFRAME G IMANUWIDCCyICLAF IPGyIPHCTC s IPUT L ISINGLE, ISTEP, 4D,
3LAMBDASLATYI WLATZ0N,CSTCP,CVLAP,PHT1,PHIZ2.PLATHZRES,RS,SDEC,SRA,
QTSTUPQU'VIAFoWPoXICvXJZO

1001 FORMAT{*1$CASE%X//* AOQ =%,01€.8¢% BETA =% g Elb.By%

1CANGF =k E1EL JBo%* CANGS =% E1Ca8/% LATE(]l) =%,E15.84%
2NATE(2) =% 4Fl6.8e% DATE(3) =%,E18.8,% DATE (4) =%,El6.8/%
3 DATE(S) =%,Fl6.B4% CATE(G) =%,E16.8,% DELF =%, E16,8y9%
4 DELT =%,E16.8/7% EC =k ,F16.8,% FC =% gElCe8,y%
5 FPHCTOYl =%,F16.8,% FPHOTCZ2 =%,E16,.,8/% FSTOP =%yE186.8,
6% {80 =k 4E16a8 4% HFC =k ElO By ¥ 18 =%, ]
Tl6/7% ICATE =%, J164% IFRAVE =% ,]1¢€,% I MANU =k 1€ 4%
8 I10CC =¥%,116/% T0LAP =ky[1lho* 1PG =Xyl ¥ 1F
9HOTO =%,11¢e% 1PUT =%,116/% ISINGLE =%,[16.% ISTEP
kK g J150% 9 lEX g * Jc =%,116/% LAMBDA =%,E]
¥6. 8% LAT] =k E16.E9% LAT2 =% gE16eBo % co
*=%,F16.,8/% CSTOP =k, [16 % cviLAaP =kyE1€.80% PHIL =%
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115
116
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118
119
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OPRINT
eEl6oB ¥ PHIZ =%yE1€.8/#% PLAY =% yE1E.Bo*
oFlé, 8% RS =k yEl6a94% SCEC =%,E16.,8/7% SRA
¥9F15 B8 % TSTOP =%4E16e8,* u =¥ 4E1l6.84%
=%x,Flé6.8/*% WC skgbl6.89% X10 =¥ysEl6.80 %

=#,516.5)
IF(IPG.FQ.IIWRITE{£,10¢)
FORMAT (*CGROUND TRACK OPTICNX*)
IFIIPG.EQ2IWRITE(6,107)
FORMAT (%0 PHCTO CPTION%)
IFCIPG.FOL3IWRITE(S,108)
FORMAT (%O GRCUND TRACK ANC PHCTO CPTICA*)
IF{IPLT.FQ.IIWRITE(LLICOIAC,HEC
FORMAT[* INPUT *,% AQ =*,E148.E,% EC =%,E16.8)
IF(IPUTSEC.2 WWRITE(A,110)FFC,HAC
FORMAT(* INPUT % 4% HPC =*,F1l6.Es* HAC =%,E16,8)
IF{IPUT.FQ.23IWRITE(A,111)
FORMAT(* € VECTOR INPUT*)
IFIICATE.EQ.1IWRITE(&,112)
FORMAT(% CALENDAR DATE IANPUT*)
IFITICATF.EC.2IWRITE(&,113)
FORMAT(x JULTAN CATE INPLT#)
IF(ISTEP.FRLYIWRITE(S,114)CELT
FORMAT(* TIME STEP OF #,F16.8,%# FEMPLOYED*)
IF(ISTEP.EQ,2IWRITElS,115)CELF
FORMAT(* TRUE ANCMALY STEP CF *,El6.8+*% EMPLOYED®)
IFIINCC.EQ.NIWRITE(&,118)
FORMAT(% NC CCCULATICN TCATA#)
IF{IDCC.FQ.IIWRITE(&,117)
FORMAT (% CCCULATICN DATA GIVEN®)
IFIIPHOTCFQeIWRITE(6,118)
FORMAT (% VERTICAL PHCTOGRAPHY*)
TF(IPHOTCLEQ.1IWRITE(£E,119)
FORMAT (* NCN VERTICAL PHCTOGRAPHY#)
TF(IMANUSEQeCIWRTITE(E,120)
FORMAT (* NG MANEUVFERS MACE#)
IFIIMANULEQ.IIWRITE(6,121)
FORMAT (% MANEUVERS COMPUTECD*)
IF(TR.EQ.CIWRITE(6,122)
FOKMAT (% AMATRIX NOT COMPUTED®)
IF(IB.EQ.LIWRITE(£,123)
FORMAT (% RMATRIX COMPUTED®)
IFIICLAP . EQ.OIWRITE(&,124)
FORMAT(* PICTURES TAKEN CN STEF*)

=%

&
VINF
xJzc
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IFIIOLAP.EQ.IIWRITE(S,125)CVL AP
125 FORMAT(* PICTURES TAKEN CN *,E16,8.,% OVERLAP*)
) IF(IFRAME.EQ.1)IWRITE(6,126)
1256 FORMAT(* SINGLE PICTURE TAKEN#)
TFIIFRAMELEQ2IWRITE(E,127 )PHIL1PFI2
127 FORMAT(* PICTURES TAKEN BETWEEN PHI1 OF *.E16.8.%¥ AND PHI2
10F #*,Fl16.8)
[F(IFRAMELEQ.2IWRITE( 649 128)FPHCTCL,FPHOTO2
128 FORMAT(* PICTURES TAKEN BETWEEN FPHOTOL OF %*,F7.2,% AND FPHC
1702 0OF *,F7.2)
IFUIFRAME .EQ.4IWRITE(6,1251LAT1,LAT2
129 FORMAT(* PICTURES TAKEN BETWEEN LAT1 OF *,F7,2,% AND LAT2
10F *,F7.2)
TOSTCP=360.~FO+360.,*(0STQP=1)
TFSTOP=FSTOP
B=AMOD(TSTOP,PERICD)
CALL TCONIC(U+EyA,FO,TFO)
XM={TFN+B)*ANGRAT
IF(XP.GT.?.*PI) 304
3 B=B-PERIOCD
XM=XM=2,%P1
4 CCNTINUE
CALL TINVS{XM,E.EC,FB)
FOB=FB*RN=FC
IF(FNR,,LT.,001)FOR=35£0,+F08
TTSTOP=3&6C.,*( TSTCP-B)/PERICC+FOE
TF(TOSTOP LT TFSTOPLAND,TCSTCP.LT.TTSTOPIWRITE(£,200010STOP
2000 FORMAT(* PROGRAM WILL STCP (N QOSTOP = *,15)
IFITFSTOP LT TTSTOP ,AND.TFSTOP . LT.TCSTOPIWRITE(6,2001)FSTOP
2001 FORMAT(* PRCGRAM WILL STCP CN FSTOP = *,E16.84% DEGREES¥)
IF(TTSTOP (LYo TFSTOPLANDTTISTOPLTLTOSTOPIWRITE (6,42002)7STOP
2002 FORMAT{* PRCGRAM WILL STCP (N TSTOP = *,E1€.8,% SEC*)

2 CCNTINUE

RETURN
END

53



54

OO0

APPENDIX B

SUBROUTINE OVERLAP(TSTEP)

THIS SURRCUTINE CALCULATES THE TINME INCREMENT TC THE NEXT CAMERA
FONTPRINT FOR A GIVEN OVERLAF RRTIO

TSTEP - TIME TO NEXT CAMERA FCOTFPRINT

COMMON/RLOCKY/IDC2ID W DATE,CNUM,EA,OLAST+DEL THDELF
COMMON/RLGCCK2/A84EoXT oWyDyF ¢ PERICC4ANGRATSFC,FTCTAL,TTOTAL
COMMON/BLNCK3/RDWDRIUGRSyPI,HAREF,HANOT, JDREF
COMMON/BLCCKS/IFG.IPUT»ICATE, ISTEP, ICCC, IPHOTOy IMANU, 1By I0L APy IFRA
*ME. ISINGLF
COMMON/RLCCKR/XJ2C ¢RESyPHIL yPHI2 yCVLAP,CANGF,CANGS, FPHOTO1,FPHOTOZ
*FOOTL LAMBDALLATL,LAT2,PLAT

REAL LATY,LAT2,.LAMPRDA,LATLAST

CIMENSION FCOTO(344) s FOCTF(3,4),K(4)KF(4),CATE(6),FOOTL{3,4)
ANGLE (X)=8NMCD(Xy35C ) +180,-SICN(1ED .y X)

CALL RAY(-CANGF.~CANGS, FCOTO(1,1),F00TO(2,1),FOOTO(3+114K(1))
CALL RAY{-=CANGF+ CANGS,FCCTC{1,2),FO0T0(2+2),FCOTO(3+2)sK(2})
CALL RAY!( CANGF, CANGS,FOOTO(1,3),FO0TO(2+3),F00TO(3,3),K(3))
CALl RAY( CANGF+=CANGS,FCOTC(Ll+4)+sFOCTC(2+4),FCOTO(3,+4)¢K(4))

TFIKEL)+K(2)+K(3)+K(4)LECe4) GC TC 7

DF=0 & TSTEP=C & CALL TCCNIC(U EgRoF.T1)
TSTEP=TSTEP+1(D.

T2=T1+TSTEP

XM=ANGRAT*T2

CALL TINVS{XNWELEC2,F2)
FSTEP=ANGLECANGLE(F2%RD)-F)
CF=DF+FSTEFP

CALL UPDATEI(1CN. FSTEP)

CALL. RAY{-CANGF,~CANGSyXyYyZyK(1))
CALL RAY(—=CANGFys CANGSy XY ZyK(2))
CALL RAY( CANGFs CANGSyX3Y,24K{2))
CALL RAY({ CANGF =CANGSyXyY424K(4))
TRIK{I)4K(2)+K{2)4K{4).NE. &) GO TC 8
CALL UPCATE(=TSTEP,~DF)

61 TO 800
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OVERLAP

T CONTINUYF
SHA=SIN(HA%NR) ¢ CHA=CCS(HA*LR)

CO 1 I=1.¢
XTEMP=FOOTC(1,1) $ YTEMP=FCCTC(Z,I)
FOOTOU(1 + 1)=XTEMP*CHA+YTEMP%ShA

1 FONTO(241)=~XTEMPESHA+YTENP*(CHA

CT=0. % CLAP1=1.
DF=0. $ FSTEP=1.

CALL TCONIC{UEoA,F,T1)
2 CONTINUE

CALL TCCNICH{UEs8,F+FSTEP,T2)

TSTEP=T2-T1

IFITSTEP LTa0ee AND,FSTEP.GT 404 ) TSTEP=PERIOD+TSTEP
TF(TSTEPeGT o000 o ANNLFSTEP.LT0e) TSTEP=TSTEP-PERIOD

CF=DF+FSTEP

DT=DT+TSTEP

CALL UPCATE(TSTEP,FSTEP}

CALL RAY(—CANGF +—CANGS,FCOTF(1,1)+FOOTF{2+1) FOOTF(341).KF(1))
CALL RAY(~CANGF, CANGS,FOOTF{(1,2),FCOTF(2,2)+FOOTF(3+2),KF(2})
CALL RAY( CANGF+ CANGS,FOCTF{1,2)+FCOTF(243)FCOTF(343)4KF(3))
CALL RAY( CANGF,=CANGS,FOOTF(1,4)sFOOTF(2+8)sFODTF(3+4),KF(4))

SHA=S IN(HA%*DR} ¢ CHA=COS{FA*L[R)

CO 3 1I=1,4
XTEMP=FCCTF(1.T7) & YTEMF=FCCTF(2,1)
FOOTF{L.T)=XTEMP*CHA+YTEMP*SHA

3 FOOTF(241)==XTENPXSHA+YTENF*CHA

CALL PRATIC(FCOTC,FOCTF,RATIO)
IFIRATIN.GT..$9SSS)G0 TC ¢

IF(ARSI(RATIO).GT..000CC1Y GO TO £
CALL UPCATE(-TSTEP,-FSTEP)
DF=DF-FSTEP $¢ DT=DT-TSTEP
FSTEP=FSTEP/2,
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OVERLAP

GO 10 2

CONTINUE
IF(ABS{RATION=-OVLAP).LT..C0C1) GO TO 4
POWRTF=(RATIO-0LAPL)/FSTEP
FSTEP==(RATIC~OVLAP)/POWRTF
IF{PLWRTFLGT.C) FSTEP=S,
IF(ABSUFSTEP).GT s%e) FSTEP=SIGN(E. FSTEP)
CLAPL =RATIC

Ti=T2

GO 10 2

FSTEP =5,

T1=T2

60 1O 2

COGNTINUF
TSTEP=DT
CALL LPDATE(-CT.~DF)

RE TURN
END
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SURROUTINE PPRINT
THUS SURRCUTINE CALCULATES AND WRITES PHOTOCGRAPHY DATA

COMMCN/BLCCK1/JDC, JD,CATE CMNUNM, 8, 0L AST,DELTLDELF
COMMON/BLCCK2/A+sE+ XTI oWyCyF o PERICCyANGRAT,FOLFTOTALLTTCTAL
COMMCN/RLCCK3/RDWDRyUHRSyP I, FAREF,HADOT, JOREF
COMMON/BLCCKSG /SXoSY 2 SZsEX9EYSEZ o(X9CYHC2Z

COMMON/BLCCKS/ TPGy IPUT, ILATE, ISTEP, IOCC, IPHOTO, IMANU, IB, IOLAP,IFRA
*MF,ISINGLE

COMMCN/BLCCKE/TSTOP,FSTCP,LSTCP
COMMCNK/RLCCKT/HACHPDy AC»ECHXICHyWC+ COWVINF,SOEC, SRA,BETA
COMMON/BLOCKB/XJ20+RESyPHIL yPHI2,CVLAP,CANGF oCANGS »FPHOTOL ,FPHLTC2
*FOOTLWLAMECO,LATL LAT2,PLET

COMMON/BLOCKS/NUMP

REAL LAT1,0LAT2,L AMBDA,LATLAST

CIMENSION DATE(&),FOOTL(3,4)

CIMENSICN FCOT(2,4),KX(8)

ANGLE{X)=AMOD( X+36Co)#180.,~SIGN(1ED.X)

CALL GPRINT

CALL RAY (=CANGF +=CANGS,FCCT(1y1)},FOOT(2,1),FOOT{3+1)eKK(1))
CALL RAY (~CANGF, CANGS,FOCT(1+2)+FO0T(2+2).F0CTL3+2) 4KK{3))
CALL RAY ( CANGF+ CANGS,FCCT(1,31,F0CT(243),F00T(3,3),KK(5})
CALL RAY ( CANGF+~CANGS FOCT(144) +FOOT(2+4) yFCOTI3,64) +KK(T})
IF(KK(1)+KK{3)+KK{5)+KK(T7),NE.4) GO TC 300

SHA=SIN(HA*CR) § CHA=COS(HA*DR)

DO 1 I=1,4

XTEMP=FOOT(1.1) & YTEMP=FCCT(2,1)

FOOT(L«T)= XTEMPCHA+YTEMP#SHA
FOOT(241)=-XTEMP*SHA+YTEMP*CHA

CALL PRATICUIFOOTL.FOCT,RATIO)

BO 201 I=1.3
BN 201 J=1.+4

201 FOOTL(I,J)=FCCT(I, N
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PPRINT

WRITE(5+101) RATIC,NUMP

101 FORMAT (% PHCTC QVERL AP = #F7.3,1CX,*FOOTPRINT NUMBER = *[3/12X,*L4
ATITUDE®* 11X o *LONGITUDE* 412X 3%SUN ANGLE* 4 LOX ¢ *SLANT RANGE#®,TXy *STAT
*IC RESOLUTICN*)

CALL CONCARUAVE WXL oWoOsFyXy3YyZeDXaDYLDZHU)

XTEMP=X & YTEMP=Y
X=XTEMPH*CHA+YTEMP*SHS
== XTEMPXSHA+YTEMPACHA

XSUN=SX*CHA+SY%®SHA
YSUN==SX*SH2+SY*(CHA
ISUN=S?

N="
9 N=N+1
GO TO (10 411412421413,114914411,15,200)4N

10 CALL RAY{QasGa s XToYT,HZIT,K}
GO TN 156

11 J=N/2
XT=FOCT(1.,J)
YT=F0OT(24J}
IT=FOCT(3.4)
GO TO 17

12 CM,L RAY("CANGF'C‘ vXTvYT,ZT,KK(h"l')
GO TO 15

13 CALL RAY({D4s oCANGSoXToYTZT,KK(A=1))
G0 TO 18

14 CALL RAY{CANGF +Co o XTsYTZT,KK(N=1))
G0 TO 18

15 CALL RAY(D e o=CANGS o XTy¥YT 27T oKK(N=1})
GO TN 1¢&

16 XTEMP=XT ¢ YTEMP=YT
XT=XTEMP:CHA+YTEMP%XSEA
YT==XTEMPXSHA+YTEMP*CHA

17 CALL LATUINGUXToYTHZTeXLAT,,XLONG)
XLONG=ANGL E(XLONG)




18
102
19
103
300

104
200

APPENDIX B

PPRINT

CALL DOT{XTeYTeZT+XSUNyYSUN,ZSUN,PHI)
SR=SORT{(X=-XT)%%x2+{Y=YT)#224(72-2T7)%%2}
SRES=SR*RES

GO TO (1841G,16,419+,19419,19419,16),N

WRITE(6,102) XLAT,XLONGyPHISRySRES
FORMAT [ % CENTER* 46X oF602112XoFTeze13XsFTa2¢13XF2.3413%X,F9,21
GO TO 9

I=N-1

WRITE(H641C2) T+XLAT+XLCNG4PHI ¢SR,SRES

FORMAT (* PCINT*y12+s5XyFCe2913XyFT42013XeFT42+13XyF9,3,413X,F9.2)
GO 10O 9

WRITE(6.,104)
FORMAT(*QPHCTC FOCTPRINTY CFF PLANET %)
CONTINUE

RETURN
END
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SUBRIOUTINE RAYVIFANGLE  SANGLEyXT»¥YT+ZT,KK)

THIS SUBROUTINE CALCULATES THE FCINT WHERE THE CAMERA VECTOR PIERCES

THE SURFACE OF THE PLANET

FANGLE = FORWARD CAMERA HALF ANGLE

SANGLE « SIDE CAMERA HALF ANGLE

XT.YT.2T = POINT WHERE THE CAMERA VECTOR PIERCES THE SURFACE

KK = O IMPLIES DCES NOT PIERCE TFE SURFACE-1 IMPLIES DODES PIERCE
THE SURFACE

COMMON/BLOCK2/AEoXT o WoO9FyPERIOD,ANGRAT oFCFTOTALLTTCTAL
COMMON/BLOCK3/RDsCRoUyRSyPIyHAREF+HACQOT » JDREF
COMMON/BLOCKS/IPGIPUT,ICATEZISTEP, ICCCyIPHOTC,IMANU, IBs ICLAP, IFRE
*VE, ISINGLE ;
COMMON/BLOCKS8/XJ20,RESyPHI1 4PiH12 yCVLAFP,CANGF,CANGS,FPHOTOL » FPHOTO2
¥ FOOTL.LAMBCAGLATL LAT2,PLAT

REAL LAT1.LAT2,LAMBDA,LATLAST

REAL JC+JCQO,JDRFF

CIMENSICN FCOTL(3,4)

KK=1

J=1PHCOTO+1

GO TN (10+20).4

CCNTINUE

SF=SIN(FANGLEXDR) ¢ CF=CCS(FANCGLE*DR)

SS=SIN(SANGLE*DR) ¢ CS=COS(SANGLE=*DR)

CALL CONCAR{ALE XTI oWoeOyF9eXyYyZoLXy0Y,oLZyU)
R=SQORT( Xk X4+Y%Y+7%7)

Hl==X/R ¢ H2==Y/R § H3==1/R

PLl=H2#%L7-H3%*DY $ P2=H3%DX-H1%C? $ P3=k1*%DY=-H2%DX
P=SQRT(PL*P1+P2%P2+P3%P3)

P1=P1/P $¢ P2=P2/P $§ P3=P3/P

01=P2*H3-P3*H2 ¢ Q2=P3*H]1-P1l*H3 $§ 03=P1*H2~P2%H1
RH=CS*CF & RQ=CS*SF ¢ RP=SS

R1=RH*H1 +RQ*Q1+RP%P]

R2=RH%®H2 +RQ* Q2 +RP %P2

R3I=RH*H3I+RO*Q3I+RP%P3

SINRC=RS/R $ COSBC=SQRT(1.~-SINBC#22)

IF(RH.GT.COSBC) GC TO 20

KK=0

GO TN ROC

SR=R*RH=SORTI{R*¥RH) *%2=R*%24RS*22)

XI=X+R1%SR ¢ YT=Y+R2%SR $§ ZT=24R2%SR

GO TO 800

CONTINUE

SF=SIN{FANCLE*DR)} $ CF=CCS(FANCLE*DR)
SS=SIN((SANGLE+LAMBDA)%CR) $ CS=COS{(SANGLE+LAMBCA)*DR)
G0 TO 11

RETURN

END
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SUBROUTINE STNCASE
THIS SUBROUTINE CEFINES PRCGRAM (CNSTANTS AND STANDARD INPUT CATA

COMMCN/PLCCKY/JDCy JDe CATEy CNUMy+2,0LAST,,DELT,DELF
COMMON/RLCCK2/A4EsXT oWoOyFyPERICL, ANGRATFCFTCTAL,TTOTAL
COMMON/BLCCK3/RD+CReU4RS,PI4FAREF,HADOT, JDREF
COMMON/BLCCK4/SXaSYeSZsEXEYHEZ 4CX4CY,»CZ

COMMON/BLOCKS/ IPGy IPUT, ICATE, ISTEP, IOCC, IPHOTC,IMANU,IB,IOLAP, IFRE
*ME . ISINGLE

COMMON/RLDCKSE/TSTOP, FSTOP,0STOP
COMMON/BLOCKT/HAC 4HPO ) ACsEC o XTC ohCoGCoVINF4SCEC,SRALBETA
COMMON/BLCCKB/XJ20+RESy PHI1yPH12,0VLAPCANGF,CANGS,FPHOTO1,FPHOTC2
*FOOTLLAMBDASLATLLLAT2,PLAT

REAL JD.JLO, JDREF

REAL LAT1.LAT2.LAMBDA,LATLASY
INTEGER CSTCP.CANUM,OLAST
DIMENSION DATE(6),FO0TLI3,4)

DATA RDWDRPI/57.25577951308234.017453292519943+3.14159265358979/

FTOTAL=0.
TTO0TAL=D.
ONUM=1
OLAST=1
10CC=0
IMANU=D

IR=0

DO 1 [=1.2

DO 1 J=1.4
FOOTL(T,J)=0,
N0 2 J=1+4
FOOTL(3,4)=1.

TSTAP=1.E+10
FSTOP=1.E+10
CSTCP=10000

u= 42€26.5
RS=  3386.
HAREF=149.475
HADOT =350 .891962
JDREF=241€322,0

X420=0.001¢5
RES=10.

RETURN
END
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SURROUTINE UPDATE(TSTEP,FSTEP)

THIS SUBRCUTINE UPCATES ALL TIME CEPENDENT PARAMETERS SUCH AS
TRUE ANOMALY ,HOUR ANGLE , ETC.

TSTEP - INCREASE TIME BY TSTEP
FSTEP - INCREASE TRUE ANOMALY BY FSTEP

ANGLE [X)=AMCD(X,360.)+18C.~-SICN(180.,X)
COMMON/BLOCKY /JD0,JDDATE ,CNUM,E 2,0LAST,DELT yDELF
COMMON/BLCCK2/ Ay EoX I oWy O, FyPERICD,ANGRAT,FO,FTOTAL,TTOTAL
COMMON/BLCCK3/RDyCRIUSRSyPIyHAREF MADCT, JOREF
COMMON/BLCCKL/SXeSY s SZeEXYEYHEZ 4CXCYHC2Z
COMMCN/RLOCKS/T1PG.IPUT,ICATE,ISTEF, IQCC, IPHOTO, IMANU, 1B, IOLAP,IFRA
*ME+ ISTNGLE

COMMON/RLCCKE/TSTOP,,FSTOP,L,CSTCP

COMMON/BLCCKT/HAC HPOyACyECyXIC+WCoCC+VINF,SDEC.,SRA,BETA
COMMCN/RLOCKB/XJ20,RES, PHI1,PHI2,0VLAPCANGF,CANGS,FPHOTOL,,FPHOTO2
2, FO0TLLLAMBCALLATYI LLAT2,PLAT

REAL JD.JEC, JOREF

REAL ATl ..AT2.LAMBDA,LATLAST

INTEGER CSTCP,CNUM,0OL AST

DIMENSICON DATE(6).FOOTL(3,44)

JD=JD+TSTEP/3600./24

WNI=FLOAT(IFIX{JE))

FDI=JD=-WDT

CALL JULCRL(DATE,WDI,LFDI,O)

F=ANGLE(F+FSTEP}

FTOTAL=FTCTAL+FSTEP

TTOTAL=TTOTAL+TSTEP

OLAST=CNUM

ONUM={FTOTAL+FQ) /360.¢+1.0

IF(OLAST .GTONUMIOLAST=0ONUW

HA=HAREF+HADCT*{ JD=-JCREF)

HA=ANGLE(FA)

CALL WELLS(RS+UsXJ20+AyEsXIyW,CHTSTEP)

CALL VECTDR(JD'DECS'RAS'DECE,RAEIDECC'RACOSXQSY!SZ'EXOEY'EZ'CXOCY’
1C7.4)

RETURN

END
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SUBROUTINE CALJULIWIDFIDyWNDFLC,X)

THIS SUBRCUTINE CONVERTS A GIVEN CALENCAR DATE TO THE CORRESPCUACIMNG
JULTAN CATE AND ALSC COMPUTES THE NUMBER OF CAYS WHICH HAVE ELAPSEC

SINCE JANUARY 1 AT 0OCQO HOLRS,16%C,

WJD - WHOLE NUMBER PART OF JULIAN CATE

F4N - FRACTIONAL PARY OF JULIAN CATE

WND -~ WHOLE NUMBER OF CAYS SINCE JANUARY 1.0,1950
FDA - FRACTIONAL PART OF WNC

X{1-6) = CALENDAR DATE (YEAR MCANTK,CAY,HOUR,MINUTE.SECOND}

DIMENSION X{6),A112)
D50=2433282.
¥YD=X{1)=-48,

YL=Y0/4.

KYL=YL

CK=KY{L
IF(YL-CK)1,1,3
IFIX{2)¥=2.14 44,43
£S=CK

GO 70 5

LS=CK-1.
DS=DS+365,.,%(YD=2.)
nn 6 I=1.12

A(IY¥=1.0

K=X{2)

DO 7 [=K,12

AfI)=0.0
DS=DS+31.#(A(1)+A(31+4A(5)1+8(T7)+2(B)+A{10)+A(12))

1430, 2 (AL4)+A(6)+A(GI+A(11) ) +28.%2(2)

DS=DS+X(3)=-1,

WND=DS
FD=X{41/24.+X{5)/1440.,+X(€)/B€4CL.,
IF{FD-,4966699)9,8,8
FJD=F0~.5

WiD=1.

GO T0O 190

FID=FD+.5

WiD=0.
WID=D50+WID+WND
RETURN

END
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SUBROUTINE CARCCON(XsYsZysDXoDY3C2920E+XIoWeQysFoU)
THIS SUBRRCUTINE CCNVERTS CARTESIAN COORDINATES TO CONIC ELEMENTS

XsYeZ = CCMPCNENTS OF PCSITICN VECTOR

DX.DY,DZ = COMPONENTS OF VELOCITY VECTCR

8yFEeX1 = SEMI-MAJOR AXIS, ECCENTRICITY, INCLINATION

WeOsF - ARGUMENT OF PERIAPSIS, LCNGITUDE OF ASCENDING NODE, TRUE
ANOMALY

U = GRAVITIONAL CCNSTANT

DATA RD/57.2957795130823/

ANGLE (X )=AMCD(X¢360.)+18C.~SIGN{180.sX)
Cl=Y*LZ-72%DY

C2=1*DX~-X*DZ

C3=X*QY¥Y-Y%DX
H=SQRT(C1*Cl+C2%C2+C3*C2)
CXIR=C3/H
XIR=ATAN2(SCRT(1.,-CXIR*#%2) ,CXIR)
SXIR=SIN(XIR)}

S0=0.

co=1.

IF(SXIR.EC.0.)GO T 5
SO=C1/(H*SXIR)

CO==C2/(H%XSXIR)
R=SORT(X®X+YXY+7%7)

V=SORT (DX*DX+DY%*DY+DZ*DZ)
A=R¥U/ (2. *U=R*V%V)
E=SQRT{1l.=-H*H/{U*A}}

P=A%{1,.,-E*E)

FR=ATAN2( X*DX+Y*DY+Z%DZH%{P=-R}/P)
W=ANGLE(RC*(ATAN2 ((—~X*SO+Y#CCI*CXIR4Z*SXIR s X#CO+Y%S0O)=FR)})
XI=RD*XIR

O=ANGLE (RU*ATAN2 (S0,C0}))
F=ANGLE{(RC#*FR)

RETURN

END
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SURROUTINE WELLS{BoUsJ2CsA3EpXT90y0,0T7)

THIS SURRCUTINE UPDATES THE ARGUMENT OF PERIAPSIS AND THE LONGITUCE
CF THE ASCENCING NODE

BsUsJ20 = PLANET RADIUS, GRAVITICAAL CCANSTANT. 2ND ZONAL HARMCNIC

AyEsXI —~ SEMI-MAJOR AXIS, ECCENTRICITY, INCLINATION

We0.DT ~ ARGUMENT OF PERIAPSIS, LCNGITUDE CF ASCENDING NODE, TIME
INCREMENT

REAL J20.N

DATA PI.DR,RD/3.14159265358979322846,.017453292519943,
157.2957795120823/

N=SQRT(L/A%*2%3)

C=2.*%N%)120*B*%2

F=A%¥2%(] ,O=E*¥2)%%x2 ]
WOOT=C/F*(1.0=-(5.0/4.0%«SIN{ XI*DR}**2) ) %*RD
COOT=((-C*COS(XI*DR}II/(2.04F) ) *RT
W=WDATXDT+MW

C=0DOT*DT+C

RETURN

END
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INPUTS AND OUTPUTS

The definitions of all input and output parameters are given in this appendix along
with a sample input and the corresponding output.

Definition of Input Parameters

The following parameters are available for input into the computer program PANDG:

Frogral Mat;‘;n‘?ggical Units Definition

AO a km Semimajor axis

EO e Eccentricity

X10 i deg Inclination

WO w deg Argument of periapsis

00 Q deg Longitude of ascending node

FO f deg Initial true anomaly

HAO Hgy km Altitude of apoapsis

HPO Hp km Altitude of periapsis

VINF Ve km/seciHyperbolic excess velocity of approach hyperbola in
areocentric coordinate system

SDEC deg Declination of incoming hyperbolic asymptote in areo-
centric coordinate system

SRA deg Right ascension of incoming hyperbolic asymptote in
areocentric coordinate system

BETA deg Orientation angle of orbital plane (ref. 1)

DATE Six-dimensional vector defining initial calendar date.
The order is: year, month, day, hour, minute, second

JD days |Initial Julian date

FSTOP deg Central-angle stop condition

OSTOP Orbit-number (integer) stop condition (orbit number
changes at periapsis)

TSTOP sec Time stop condition

DELT At sec Time increment or step

DELF Af deg True anomaly increment or step

PHI1 ¢ deg First Sun angle denoting lighting band for photography

PHI2 ¢9 deg Second Sun angle
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Z‘;f;glgﬁin Maté‘;‘r?gg}cal Units Definition
FPHOTO1 £y deg [First true anomaly denoting desirable area for
photography
FPHOTO2 f, deg |{Second true anomaly (fg > f1)
LAT1 deg | First latitude denoting desirable area for photography
LAT?2 deg |Second latitude
PLAT deg | Latitude denoting position of a single picture
OVLAP Ratio of overlap area to area of previous picture
CANGF Vg deg | Forward camera half-angle (see sketch (b))
CANGS Vg deg |Side camera half-angle (see sketch (b))
LAMBDA b deg |[Out-of-plane angle for nonvertical photography (see
sketch (b))
IPUT Input option for initial state
1 - AO, EO, XIO, WO, 00, FO
2 - HAO, HPO, X1I0, WO, OO, FO
3 — VINF, SDEC, SRA, BETA, HAO, HPO
IDATE Input option for initial time
1 — DATE (calendar date)
2 — JD (Julian date)
IPG Program mode option
1 — Groundtrack only
2 — Photography only
3 — Photography and groundtrack
ISTEP Step option
1 — DELT (time increment)
2 — DELF (true anomaly increment)
IFRAME Option denoting region of photography
1 — Single photograph
2 — Multiple photographs between Sun angles (PHI1,
PHI2)
3 — Multiple photographs between true anomalies
(FPHOTO1, FPHOTO?2)
4 — Multiple photographs between two latitudes (LAT1,
LAT?2)
ISINGLE Option denoting position of single photograph

1 — PLAT (photograph taken on latitude)
2 — Not programed
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e Mat;‘;rﬁ‘ggcal Units Definition
IOLAP Multiple photograph option
0 — Successive photographs taken on step (see
ISTEP option)
1 — Successive photographs taken on overlap con-
sideration (OVLAP)
IPHOTO Option denoting type of photography
0 — Vertical photography
1 — Nonvertical photography
RS rg km Radius of planet
U m km3 /sec?| Gravitational constant
XJ20 J29 None Second zonal harmonic of the planet
RES m/km Photography resolution constant
HAREF 6o deg Hour angle at a reference Julian date
JDREF day Reference Julian data
HADOT 6 deg/day |Time rate of change of hour angle

A flow diagram of the input parameters has been found to be very helpful.
the parameters are defined for a specific case.

Flow Diagram of Input Parameters

Not all
Only those parameters necessary for a

given option must be input. In addition, some numerical values have been stored in the
program and are seldom changed. However, an option is available to change these con-
stants when desired. Starting with the input of $CASE, the user can follow the flow dia-

gram and choose the options or sets of input desired. An underline denotes that a numer-
ical value must be input.

For most of the parameters, the input units are given.
options are selected by inputing the number which is underlined. The proper input param-

The

eters are chosen by proceeding through the flow diagram until the end of the case is
reached, at which point a $ is input to terminate the case.
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Sample Input

The program input is loaded by using a FORTRAN IV namelist. A sample set of
input data is as follows:

$CASE IPUT = 2,
HAO = 30 000.,
HPO = 1000.,
X10 = 60.,
WO = 160.,
00 = 230.,
FO = 300.,
IDATE =1,
DATE (1) = 74.,
DATE (2) = 2.,
DATE (3) = 16.,
DATA (4) = 0.,
DATE (5) = 0.,
DATE (6) = 0.,
FSTOP = 400.,
IPG =3,
ISTEP = 2, DELF = 10,,
IFRAME =4, LAT1 = 30., LAT2 = -25,
IOLAP =1, OVLAP = .25,
IPHOTO = 0, CANGF = 10, CANGS = 20.%
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Definition of Output Parameters

Definitions of the program output follow:

Ps’;,oflg{“ Mag;f;g,‘o%tlical Units Definition

JULIAN DATE JD day Current Julian date

CALENDAR DATE Current calendar date (year, month, day, hour,
minute, second)

ORBIT TIME Time from initial state (day, hour, minute,
second)

ORBIT NO Orbit number (The orbit number is 1 initially
and increases by 1 at each periapsis
passage.)

LAT ) deg Latitude of the subsatellite point

LONG o deg Longitude of the subsatellite point

ALT H km Altitude of spacecraft

VELI v km/sec|Inertial velocity of spacecraft

FPAI v deg Inertial flight-path angle

PHI ¢ deg Sun angle (angle at subsatellite point between
Sun vector and local vertical)

VOHR V/H sec-l |V over H ratio or horizontal velocity relative
to surface divided by altitude of the
spacecraft

HA 0 deg Hour angle of Martian vernal equinox as mea-
sured from the prime meridian (see
sketch (a))

w w deg Argument of periapsis

O Q deg Longitude of ascending node

T.A. f deg True anomaly of spacecraft

PHOTO OVERLAP Ratio of overlap area to area of previous
footprint

FOOTPRINT Number of footprint within present sequence

NUMBER of footprints

CENTER Camera axis

POINT Points 1, 3, 5, 7 are footprint corner points
and 2, 4, 6, 8 are at the midpoint of the sides

LATITUDE 6 deg Latitude of respective point

LONGITUDE a deg Longitude of respective point

SUN ANGLE o] deg Sun angle of respective point

SLANT RANGE d km Distance between spacecraft and respective
point (see sketch (e))

STATIC m Static resolution is slant range multiplied by a

RESOLUTION constant (RES)
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Sample Output

The output which resulted from the sample input described previously is presented
subsequently. These output data are also presented graphically in figure 1. Because of
the lack of space, only the first part of the computer printout follows.
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